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MANUFACTURING THE SEMICONDUCTOR LIGHT-EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a BEST AVAILABLE COPY 

semiconductor light-emitting element, which can be 
manufactured with superior crystallinity, while 

penetrating dislocation, etc., from a substrate side are " n 

restrained without increasing the number of 
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manufacturing processes, and at the same time, enables micronization of a chip structure. 
SOLUTION: A crystal layer, having an oblique crystal face (e.g., an S plane) which is slanted 
to a main surface of a substrate, is formed on the substrate. A first conductivity-type layer, an 
active layer and a second conductivity-type layer, which are stretched on a surface which is 
parallel with the oblique crystal plane, are formed on the crystal layer. At this point, a 
reflecting surface, which is stretched on the surface parallel to the oblique crystal plane, may 
be formed. The crystal layer, having the oblique crystal plane which is slanted with respect to 
the main surface of the substrate, is superior in crystallinity. Since the crystal plane is slanted, 
penetrating dislocation is prevented, and micronization of an element and isolation between 
elements are facilitated. 
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lcHKWlZ^{ffiftB^fneBSA^it^^©±¥BgP^ 

[0 0 2 9] *fc, *56WI=*3HTtt, ±i£©¥##fS 

[0 0 3 0] fcfc. *£9ie¥ttflc9^^<D»&2r& 
K-7Xi7g©^P8PlcSBSt«KSBfc^KWfr^« 

fcB£WT5J£AJl£jIJRWlCrt£fiJiU KSBS/tttR 
SBlCI^«6<j(;^<ffiftB(C5pfTftBrtlc^eET€.M 1 m 

mmm> sen. &cm2*t3>£tteiiAJii£&j* 

[0 0 3 1] S. 3ttKJ&!RAJ£ 

tLTJHB**irt»* SB*. 
^©SSSI^IfflLilltll- 
IS 2 #«SJJf rt«S BSfeli^S BtcseMMlc^ffiftBtc 

[0 0 3 2] Sffiii-ettW^tfttAIB^SftJtf'J 

(GaN) "Citric £n&t§-&. 
U ■>A^'\©^> K©»C*«C +B±f'Jt^Tii^-r-5 

cttcfto. n«v/i i i ft&A<-r«c&#tiir 

[0 0 3 3] *iHMi:i5 3#|Ofi9M^f 
tt. S^M;fiirJ:D^ri;$tlp)cSaiS©S«iBtcML 
T«4*LTft*«»ttA®*W-r*tSA*R*)i<i:. frlH 
^Afi£Sen®^$tlB)rS©«S6*<ffiA$nT5t*f!* 

n*3to— «»4iMiE«»iiAffic««¥iTt=ai«Esnfe 
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coo34] *%m<D*m&§£Km i ?<Dmmijm 

CO 0 3 5] m&mT'%£.Lfcft\t. J*fiS«©±ffitI 

&L&mmzttLTmnisfzm&mi?,m\z&'E.BfiLmzB 
ticzn. mzx.-y^>ifua<D«immxityfwx'$>?>, 
[0036] 4 ssa^Bttssft*? 

a. is±i:s i i ^si^Mi/. mmi 

&L&m±.\z-?xvm*Bf$.\^, Kvx^jiJw»ite.nfc 

iiti?7 7h'i. fettB. »r;«2Ma?7yH 

»©-»^M£»£lfflEMn»©HH©v;**JB_k£ 
[0 0 3 7] MEfflritM&cnR2dtSJia. -«£ 

lt. *juytts!©iiia*ift«*ru ^.fam^mw-zm 

t>T«l«Sr*Ci3*»T**. Sfc. ttE3i2j&&n©& 
«ffltt««©£ffifc:#LT«#Lfc*JM!«B fcT* C £#« 

[0 0 3 8] ±E4*SO¥*fle»3ttlE?0fe®fltJft& 30 

KtfrEJBl»«S*5y FB, ttESttl. RtfinlEifi 

[0 0 3 9] ±E4#BO^#«:«3t* ; POHf=te©« 
fifcirLTte. SC±(=flll*«a>0]Rlritfill««A 40 

m-fznfzmam^wi 1 «sa©fs 2 j$ss&s^jsk 

fia-&T»fi)EU »»2j«fi)i©ttft®K3Fffft:Brt»= 
IfttSS 1 5 y KB. SttB, &tfl6 2»« 

•5»:WEJBlWii'77Hi. StrESttB. KVME 

[0 0 4 0] g-fc. aMEUIKfc^Ttt. ±m<D¥&#&. 
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[0 0 4 1] Sfc. *fg^©¥##?87£3iiT©g!!ig;*ffi 
tt, *1S±fc«®Lfc^l5£fiB±(Cg3Dgp^W-r-5-7 
X9H«XfAL. »EVXirJi©BBP»A^*2j**IH& 
«RWKWj*U WE^2fiSt*B©«SaB»c¥fT^ffirt 
izmtE $ tlB.O ifrEIS □ gR©^ ffl© T X ^ H_h S T-J^SE 
$tl^>J;5lr^l#«M^^-y KB. fettB. fttf*2 

[0 0 4 2] fB2j£fiB©*Sfi®IC¥frftiBl*MC}££-r 
2>M 1 ®tli?77 KB. S14B. RtfSfS2#m^;7 
y KB€rg3Pa?©^H©VX^B±*Tffiffi$-e:S^i: 
T\ IRl*«a^?vKB. SttB. R^2#*ai7 
7'J KB*^fc5^#£S«^SBl/i)cgB<h©ffltcvx 
?I^ftt4Ci:l:fe0, ^pgp©^ffl©vx^B© 

«BJDI-rS«-&©*l«S:K<-r'5C:t^T#-5. 
S*^©»jlte{4$ff^ X.T. Xy5 L >^<t*©Igit 

[0043] ^wrostiofiM^ftt. !B 

ttB©jS«tt«IE<«fia«±©lKlEa#?*ft©IRf=ffl t» 
CJ;0^j«fiLfciKa^«BS:WEfi£S»«©fti^* 

[0 0 4 4] Sfc. *KWtC*5t>T, JgttB©®»tt; 
WEa*?^gtr«t 0 tSAcKfib^tiAdiftB&ME«Kfi 

fr«©WE#*«<»:-t©*ffi**SS'*--5ffi»©|P«t 0 fc* 

[0 0 4 5] SltBtt^ 1 ««Bim2#*BtCj*S 

«**i-c»*t-r*. tut. ccfcacsttJi©®!**!* 

ftSS±©a^ft©RSJ'ffl^fc^«E©®««k07v^ 

«*£Ttf*C<i:a*T?£«. Sfc. JStt«©®«tetfrE 
9*®*K:««©ffi«£iil]*.fct>©«fc 0 fcMK^Sttlt 
■f Xi-rsctfc^rHET**. ffittB©®«^^;^<T 

[0 0 4 6] 

[«SW©**6©»!83 UTC*si»T. *%W^jgfflL-fc 
[0 0 4 7] 1] *ISi©ligC# 
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izw-ffttwpvzm&.-rzmimm.Mm. m&m. atf* 
co 04 8] *awcfflfc»sn*a«tt. ssw^Hic 

t77-f7 (AI2O3. A®. Rffi. Cffl£"££f„ ) 10 
S i C (6H. 4H. 3C*-&tr. ) G a N, Si. Z 
nS. ZnO. A 1 N, LiMgO. G a A s . M g A 
1 2 0„, I nAlGaNS;f*»6S;5Sfi-C*0. if 

S**«-*f£>9. iDJfSL<!JA^MS«t*5. 

A (GaN) *<t^**#flc©*r»*«*S-&a*^l= 
# < fUffl $ nx H £ C S ^±35 1 L fcif 7 r -f 

[0 0 4 9] CClfi±l:»|«Stl4«IlttS«Oi 
tT&fflC* 1 fill. 2 9til^€> 

/^^^7 l dm^«:^R!t"itg^^s-c*n5i^<, mzm 

(4. 0«;UiI I IMft^fi^BeMgZnCd 
Smt&fyi^m-fc. BeMgZnCdOM&Wft 
Sffl^SCi^ft, M.Ctegfktf'J^A (GaN) ^ 
^kT^I/SX-^A (A 1 N) mt&tfo* 

m#, mt^>wi± (i nN) gft 

-f >->*^A**U ^A (InGaN) *ft^»*##. g 
fk7;i/5 —VAtiV OA (AlGaN) Jkit&m^&ft 

PgWcfc^T. InGaN, AlGaN. GaN&t'B 
<&-fbt>. 3 7cgS0D*. 2 5cfifca>*0>3fl:*### 
£*rr«Tte& < , flJAtf I n G a NTH. InGaN 
©f1UB£S{t£-&&<'»l£HT<0»S<DA 1 , -ecoteW^F 

■fcfcH. S®^ (1 1-2 2) ffitCSfcJIWC^MB 

s®-t> (1 1-22) mztt LT-en-ens 

[0 0 5 0] C©$iai©fi!E«^il/TH a^cOM 
«J«*ft**»f*Ct**T#. «*tf#«£»fk£tt£l 50 
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*8J5)c*?£ (MOCVD (MOVPE) ft) ^ft^iglx fcf 
(MBES) ^Ci'roMffljSSffi^. /W h'7 
■f HftffidEftjSfe (HVPES) SfSffll^Cim 

At/ife ro^f^ns. MoevDSm Gay-xi 

LTTMG (h'J^^tf'J^A) , TEG (h'JXf 
;U#'Jr?A) . A 1 y-XiLtfiTMA (hU^?)l/ 
TJUSX^A) . TEA ( h UX^;i/7;i/5 n r>A) . 
Iny-XtLTIl TMI (hU/fJPOy^ 
A) . TEI (HUifM>y^A) & ZV>T)V*)V 

V-XilTBS i T'&ntSv^tfX. Getfintf 

y;u-?>#;*. Mgtsnii'cp2Mg (->^p^>^ 

->*X-JUV^7*^->^A) . ZntfentfDEZ (vX? 

;pv>:57) ^t*©^x*^ffl$n-5. — )&6<)&movp 
EffiTii. ;n6c^x^x«6 0 0 B c gleans* 

0. InAlGaNIft^fiMxmxvM 

[0051] tsa«s»j«-rawi=. T«ij«fi«sas 

gfktf'J ^Ag^-fkT^Sx^Ag^^^O. Tifefig 
UlSfiS/t y 7 7l tiiSiBA* y y 7 % £ CD jjt 

«Atf*r*^JB{k^«)««filt«ft (MOV PES) 
ftoen-/-S (MBEffi) . MK5-fH«iljt 
(HVPES) St'caMItt^fflt^dt^T 

t L/t7 7 7l*^I«)Sfi5ff 5 ifilESOESStit 

•y7 7®ttS«i:^[k^*S#:Wl#T^lS^^igfa-r^ 

liA7 7 7i*WS*l&l^t)*4. fctAH S 
i C±t"«A 1 NfeteiltcLft^TfAy 7?ISoW 
cifeiO, S iM±l:liAlN, GaNWiOfi 
filcL&l/^A'-y 77ltLTB)iSt5C l !:fefeO, 
ft-CbA*OGaN**SET**. A'7 7 7i$ 

4S.= Rtt£^»irc*oTt>A<. GaNg«£|«£/BL 
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[0 0 5 2] *»KK:*Slf»Ttt. 

)vymm<n (oooi) ®[csb]£S«£®£l&»^ 

T'tt, (1-10 0) ffi[MH. (1-101) I[S 
®]. (11-20) I(AI], (1-102) ffi[R 
®], ( 1 - 1 2 3) ®[N®]. (ll-2 2)®U«t 

ztz n <z> iz&mi3.ttgM<z> o%fr s SteWcffi£Msii® 

Sl&tfSCi:**-*?*, ^fCS®^ (1 1-2 2) ®i5«fc 10 

n&l:*flfft«iftiBtttWi!fi©J:5 C. 5 71I6t©a 
ffl-elW^fc®^fe*^trt><DT*-5. #i:sgttc+l 

»*Ti>Bt*oTA*s«fflIfltS:rti (l-io 

1) T-&-S. CI!:C+ItC-iS^4-r5©t^j| 
fc, S®{CO^T«S+BiS-®*t#fi-r-5*<. *W 
M*C«b>TI£. «KW6ftl»>i^i. C+IGaNl 
IZ S + ®£jSSLT*>9. ^MSItLTKWLT^ 
•So &i3. S®tCO(/^T«S +I*s$tItr$iS. £fc 20 
C+®C0®Jfg:« (0 0 0 1) -CfeS. CCDSStCO^ 

»a*2 *fc}i3 <tC®©^tc#<;i-5o ::tc-lli 

C +®W±tC«*jS±t#-5> d <fca*T£;&^<Z3T. S®T 
Wtf > F&tegfc^fcCDifrS. 0>JAtf. C®££® 

c^;uu/i£i!©^t%©*®«c +®(cft-5a<. 
¥ff/c£®T{iajigib^-rn(«r6]$- ; fooNc75^> f**g a 30 

[0 0 5 3] *»W©#«M*:|E3t*^-tC4sV»Ttt. 

Mtl/Tl>4*«. i^tC, tir&WttSBSfcttRSSf:: 
^HWfC^ttttiB^BSAftjKBttOftffiS-tn-CfnSlrtE 40 
n«ST*oTfcA<, *t>tt. S®£fc«®S®(C 
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[0 0 5 4] ft^Wai^lffitUttt. ^CtoS 

y 7 Tm±.<Dm$mm& 1 0 ^msna©/^ 

tt. iE^JBtt, A^^tt. =&MVi. ffiftt, afl2*5=k 

flgT & s . t x m urn a. izmit •> u n <,> 

[0 0 5 5] a«rtfiSfflU^X^«©«««S 1 0 w 
mg^(DRJg (^t,ittiZ2*n - 1 0 O^ftW/N^ffi*. £ 
fcttffl^'l 1 - 2 0Jjm<D?<ftMteti) tZ-?2>^tX'^ 

[0 0 5 6] *KW*6©fTofcH»c*s«rir. *y- 

LT*5i:. Sffl©INittAfrc&?>C+fflK:J£lftbT 
n G a NffittlOsXllSa 7 0 0-8 0 0° CT'*5 

T I nGaNBtOii*.{rjiL!t®^RjllSnfc. $e.fC 
■^co±. Mg F — •^BOjfcfi^Ste— IRKAFMU^ 
TW«ffilfcjigj&*ig^a*. S®CO(SSfCJ: 0 CCOMg K — 
^lfciV>«IttiTriiIL. L^t>F-fcf>^fr# 

S^-y-fe>X^-ye>y*fT^i:> 0. 5~UmgS 
©»«?*ET?«S"r*Ct**T****. C + ®»±(;fi)cg 

l/tmliyfig©tff.*^S 
L, a*?J««T?SiB*»fcttWK:oi>Tttl^— Sett*** 
S^tlfc. S EMtlfc^ffiOf Sttt) C J: 
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[0 0 5 7] Sfc. IMSVX^^fflUTlWlt 
x hf** ->- ^T«7J|fi]/$fi£ ttBfflKJ: 0 iS* L 

l. sstmsiE©^— ft. m/nM^otsim. &&ztm.m 

[0 0 5 8] **!»©¥##:3£3fcJim4. *«©i£®f;i 

2#«Sit4^©K*f©#«MT&£o «BJA«Sffi^«^ 

U n > K-yoSMMf 'J ^A^{t^fe##^Sfc i^T 
flWEU f(0±lcl nGaNISffittSiLTML, 

7 L umm.&iiZ>£i:Wt?'&2>. fSttfC*!. I nGaN 
J1£A 1 G a NST^trSiiSfr-SC: 

«BT?***«. *-»T#F (SQW) ftjfi, Zlif# 
F (DQW) fltil, (MQW) HKB&t*© 

#ffl£tl-£>., ISttlSInGaNIil/titCIt ft 
C8ifiXg±t>«Jtlx«^«iai:<c»3. ^©fg^tt 30 
-?"-£> CI £^T€-5„ SbCCOI nGaNilt 

-7T?fctt» + CTS*£*£ft©fc#K:nffi4:£.&tt 
S***-5*«. MS i. Ge, Seat'(0Ht-^M» 

LUnlttSii^i. p 

litSCH, @S4>!:Mg, Zn, C. Be, Ca. 

B a tz£<DT 9 H-ytSCtlCi^ 40 

T^irT^-^M^© g*. 7)Vzl>tjLii<D 

0 O'C^LhTTX-iJ >^£fr5 

[0 0 5 9] CHlblS l#mUJI. SttJf, X^*2# 



&§f)2 002-100805 
20 

fcTtt, Slitil. gttJf. JfctfSi2«Mtl!Jl*»& 

±m±.\z$>mimmmm. sttn. s^2«tii$ 

^T'#^>. «#LfcSiB£?i|fliLT3fi3fc£l£-5;:£ 

[0 0 6 0] *«iiO*»flc«3e*^-Ctt. «»Lfctt 

At5i, Sffite I n©3H0i&**>J:<»fitt ! b&^<8 
"W83t».**J«<-r-6Cfc*»T**. *&. ®ttH©l£l 

^^fcOitSdt*<f?5. ^©^(CTg&Jl©® 
<D<&Miz'&iL*> . cm: «fc o «3fc3&**±tf * d t **m 

[0 0 6 1] AfttfttOMimfci&, Sffi© 

-e-n^ti©ffi©««4 i 'L'>a5^44 , 'L>{c]i^ffl. #j 
cntc^fLT, ffl'Jiafij©x®fi)ftt ( h*^^fcX7 i -y7 p 

«jt*S«T- L X5=- y ^jJ^A L T*> 0 @«6T ft 
^ftfTOX^-y ^T?*5tJ«, ]M^fflt5t*©a«fi)tfittS 
14B^©«8iEffiA«]l^ifi«lffllT^Hfi'J«fc 0 fcte^gi 

[0062] f&&mtwi2mw.mmiz\$. tn^nmm 
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[0063] *%wv>*m-w%ytm : t-\m%t.m$:w.'<x 
wm&7ii&m j $>mwmm&mi$.-?z> z. £tf~<nmx$>z>. 

ffi£*JfflLTmMB»£^£C<h#T-££fc#K '>ft 

[0064] [^mteztytm^ 2 ] 

£ «S S ffi tc^tififtffi * 4 ^11 £ JE2j5£ 

x. /fH^ti^a^te. ^aicosffis/ttt^-wsMic^ 

[0 0 6 5] CCDS«±(C^$tl^^S®«SS©i 

® tr m t x(g# l- s m £ tiis s m iz^mm izmmtz 
iznwmizmmteffiizw-ntemiz'mimmmm. ei* 
mmx&ti'a&<. ^B^wf^^if 1 
nil wjSfi^S:. sa^^^fi-rsKtr^-r^Tiftj* 

1 t|^«T-*-5« ft*. Sffi 30 
I^IWlC^&ItlJ. SBiC*tLT5 7i^6^Ki^ 
mxm^fzffiJjfc&'atSbnXfcZ. 
[0 0 6 6] -5" LT. #fgWC;fcV>Tte. SSSfcfiS 

/N^-^i^COMJiicTtJ (1-10 1) CffiiCC 
+ WLC-ffitf&&-?Z><D£mmiZ. SBl:o^T(iS 

fc^m-Slt* C+lGaN±i;S+I^fiLT*D, 40 

[0 0 6 7] ^fsmtn^mtemytrnT-izte^xte. tsgk 
m\Z'>u < t % s mx\z s mizmmmizmmts.ffi*m-t 
zmmzmLT^zv. &iz. &&m\zsws.fztems 
w\zmKwzmmt£Mfim*ftm&vi<»&w$:*:ti'en 

ftMfc^zmzcwzrctemcwiz^mmizmffittMrf 
^m^mikx&^xh^K z\n<bm^nmm^m so 
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jEmizKMmx'&zciz&.iz.mt-tt 

■f, ^(D*<D&-Dfr<DW&m£:l'tz&?tl.b<D1b^tS. 

[0 0 6 8] ^OfUMtfli. SSSfclii 
SBlcfgMMKIIMffiftBtcWftBrtlc&ffiTSSg l # 

tsi. ffittJi. RDC^2#«s^^^asi;^-r 

^nb^i#«^». sits. Rtf%i2mnMm\z 
■D^xtt, vt<n¥m&mitmT i comiz*>^xm.wvfz 

M<0X&2>. 

[0 0 6 9] cn^IlMMI- ffittlf. &tfSS5 2# 

fimffcznx^^tzzxmvxiigM.js.&zittiims, 
izftocttfX'ZZo ^mt>m^Amm^m^m 
-hBVtttzD. &ffi$m&smmtt!nz>®e;X'iz. m 

®.$:±mX\Z—W>(DSffi±iZMf$.-?2>Z.ttfX$Z>. BS 

7 L mm€t&Vi<Dm&\z\z. m^m\z^nu±m±\zh 

-5„ mmLfzSffi$:mRil>X?£ye2l£Z>C£X\ ¥fr¥ 

&s tmzgmjx.MnBm&firLx^mftV'n-izx'Z z 
£tfxzz>t^ow&tf$>z. mimmmmrztti*>>? 
?v vmtesffizffirfi.-rzi&mmiimvttmxmv&n 

ttsi t l xmnzt *«ifi-c» o t %> an. 

[0 0 7 0] *»H©###5yt* : f-ett. «ttlxfcS 

t. SiBttI n©«0ii*t>J:<»attt>An©-Cie3t 
SjBJC^ffJS:iiirt»cig*E-r*H«ttl«Sttli*«*X»4 

t*ftfetf)£-f *^©R3£T*iB»J&*:*:*<ft 
[0 0 7 1 ] ^ftfl|»tt©«j!f*lit#Afc*^. SfficD 

trtt. -en^n cob wtifS+'L-SP^^^-Dfcii^fi'J. fflj 
ifiic ft « t a#B!Eft3*«fi c o < ft o t v» « fe*e>T* 
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❖ StfTO X t- y :/X * -5 . n & fit S t* » S^fifcft »S 
Cr>T<r»£*>. ^CX*fg^<D###fgfts(i^Tt;L g 

o y ? €r^-T £ Wit 1 1 & Z. £ *<X * -5 . 
[0 0 7 2] *&nig<i:ffS2#msiilf;:«. ^*l^*ft«ffi 

[0 0 7 3] #58^ro¥##3g3fcilt^«^&iII£M^X 
■fcss*M*!!BW8«**j6arr* e tanaaE-*?**. 20 

®£W8LXftM«£W*£C£#T#££:s£>. 4>ft 

[0 0 7 4] [##^^*T 3 ] *»WO*«W*:»3t 
S^ti. S&^gfCcfc9^/*$ftjjJteg«©g1£3E®tc 

ftfjie^ii^sif k^jss ftBf go«8fe#a as ftx#& 

«*ttM. SB 1 g 

ttJi. SB2#«£J)Ift<!;, ^WfrSSSt*^©***^ 

[0 0 7 5] ^ig^W^ftfl^iflTf-ftttSSfcf® 
«. *<D«ift(hLX#K;IS£Sft£fc©T«ft^;!><, g 

#»oTt>*a&£jw#*niB&STafttfa^. cos 

W4:-r*Cit>Rlfl6T*-S**. ^tVfftgteH Xfg£ L 

n-5 2E^±roax*oxt)^<. «^«sss«)ffi«s* 

|6]XS«Lfc*ifiX*oXfc^^. *S&iB©###5bfc 
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g«iJBJ:C»iaSftfc*«#EttlJt£LTfli^Sfta» 
x -y ^ > y ft if coipi t££i*0gcz>jgj£ tc -d tt^FS t 

ft&o 

[0 0 7 6] KlgEffl»ttftffl«C¥ffCiEffi*nfcSWB 
tt. -5-cD— #J£: LT 1 8 0 0 «fc 0 fc/hSft^^X*f|fi]-r 
5'>ft < 1 1> 2 SJW±<DK#ffi£#-r-5itig<t:-r£ C t 
#X£-£>. cn6180 o iO t>/hSft^ftX^[Bj-r-5 
'>ft < t 2ffitt±roSWM«jtSE*f I^-T -5 2 ®^_b© 
It?*^Tfefi<, fflKteWftgreESftSR**®^ 

©J® i-r 5 ji*jft©iiftjsfi)i *»is-r * ^-c 

(Cft-5. 

[0 0 7 7] f&j&l££Jit>U< l£S l#t!i:S2#t 
i0Mf5S&. ptS. nfWI,l£?X^O 

LTi/S5ct*«»o. ^ft^ftttsj: <*»■*■ -set 
icj^i;x«*t'^6x ; fepitEx-s.So fftfr^. sifls 

ISXifeftfcr <=> ©*§itX& o x <5>}fc£ 

Xfe*fiSA^5t*®0tB-re<i:*iX^S. 
[0 0 7 8] *fPJ©¥^#fgftsst^<Dgg© i -^4, 

fcfc©X»-5^Xa&0. SMtCioXTtStOtbb^^^ 

5ui*iT't5. SW®<oajgi:ftSffi^»ft® 
(iIMS^fWLtyntx±#ii;M$ni,ct 

ft< t*>#*ct3^T?*a. 

[0 0 7 9] JlcSEWro^fleKJt^ODBBOSSCte 
W10(4. S^^g^^iJfflL, gtt^^fi)cfia«fC*fL 

* * * < t # * t (r »5 j^-e * * . x**ias s ft 

X^4«^. ^F«3X-©gtt®W^jB»*^#^«5 
ffiA&«£/jN<*<-r-5C<!:a<X£-£. Lfe**t>X, WSi 
(6]±L. gttJBJCWi;<H»S:*^t*«)T»fttflift«:fil 
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« tc J: o T WB * nfc Stt Jf*«^»« * ti * C t C 

m&mzm&mfkw\zMi8.-?2>z.iiT', kkx*?®* 
% * as a* + iTis , 5i5 tsmmtmm sns^t 

left*. 

CO 0 8 0] &*5. *«tHO¥##*** ; Ftta[»ffl* 

T. SH**lfflUT*affi«i*jqijt*c:i:*«T?€rafc 

CO 0 8 1] [*#flc*3t*^4] *fg^»##f*:%7t 
i^tt. S*±»cBl#*31©SSlJiSft»*»i*U K 

nfcwpap* i jg»u»SB 2 ^g^^awfixs^-e- 

T»I«U S^2«£SS»i»ftffitc¥ff^af*3{C3S«E-r 

L fcfg«tir Affi * *f -T * ISAM * Mfc I, » * t> (75 T' 

CO 0 8 2] C©*«±K»/«Sn-5j5fcSEtt«ifi-r<6 

□ ffl5A^fig*LT^$n-S^2fig«g<i:d^J&:-5. d 
1 0£fiB<hfS 2/SfiHteft(CfrS 1 itst^n, 
#fdS^StlSfc©T«^t>^. ^2fiK5e«^^®tc 

CO 0 8 3] Cffli^ftfiJfiltLTH #l*.(i*I I I 
BeMgZnCdS *it-&«*il» 
BeMgZnCdOM^SMffl^utiS 
T?S, 3E USA (GaN) ^{t£-#3¥##. 

g{L7)U3X^A (A IN) gft-T > 

->*->A (I nN) %{t&%0*m#. gft-Ov^AtfU 
■5 A (InGaN) SffcT^S ~ £ A 

tf'J^A ( A 1 G a N) *ftfc*¥aMfc&£*fi : 3:l,< 
te^fiTf* flrKSfbtf U^AJMfc^fcaiM* 

T, InGaN. A 1 GaN. GaN6t'M>f Lfe, 
3 5cilif.<0"2>-. 2 5t:iiS©*-<D^t^|^ag#:^Ji-rWT 1 
«»Jx(i'I nGaNtlt I nGaNOf^ffl^f 
{tS-a-^c(/^fflT©at»WA 1 . -?-cofl605^*t«Kl^^-A> 

fc, *Wlffl»»C*JV»T. mitVotitl I IttSKB. A 
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1. Ga. In. T aWtptfX^f *l^t>£o£/B<^. V 

T/t>K***y«ffi«LfctmTftoTt>Sft:*ik:* 

«!> £>*!*„ 

[0 0 8 4] dro^ge»^S*)*i;LTfi. S*<£>». 

ffifiXfiffi (MOCVD (MOVPE) ffi) ^ft^igiXtf 
^^-Si (MBES) ^Ct*ro»4S^Ste^. MK? 
10 -fHUMfiS (HVPES) <cif*ffl^*Jlt«»-PS 
S 0 -ecDtfT^MOV P Egoist. iflilKISiH*© 
&t/> £n -5. MOCVDSTIl GaV-Xt 
LTTMG (MJ;*^;tfU£A) . TEG (MJl? 
)P#'Jr7A) . A 1 7-XiLlliTMA (MJ^fJl 
7^3-^A) . TEA (MJl^m^riJA) . 
Iny-XtLTIl TMI ( h »J ^JM" >W 
A) . TEI (fUlfM>y')A) ttEVT )\s*r)V 

20 V-XtltliS i tSn«y5>^X. GeTfttl«* 

y;i^>#x. Mg-efttifi'c p 2Mg (^n^o^ 

ylzj^ny^A) . ZnT-fttlf^DEZ (vX^ 

;uy>^) ttizotfxtf&mztiz. mocvdst 

«, cne»CO^XS:0iJ^tt'6 0 0 ° C&L±\Zl)m2tlfz 
nA 1 G a Nlft^WWft^Xtfi'+y tMI^tt 
CO 0 8 5] fftsSfglfiSSIifi^te^ttf'J^A/l-^ 

ft***, feb/ty 7rlB*^a#;j«fi*fT'5i:j«fiOH 

S i C±tCf3A 1 NSfiIi:LftV>T/1y 77§ 
£ffi*fiTf ft 0. S iSIilCBAlN, GaN 

0 L/i^TA •y77l<!:L TfiEfiT * C £ 

fcftO. •ttlTfc&StroG aNTObtlS, £Ac, /\* 
50 y77iKt)UTIl WtCKttttfc^fllJSfracitfeT? 



(1 

27 

GaNSSSttlLTfeAK 
[0 0 8 6] fit. ^fgWCfc^Ttt. SUM^tCJ; 
0 IB 2 fltftE d <!:;&» 6. «1£©£B(C*tLT 

©a*?t:t>ft#T**<. (oooi) b 

[CB]*£«£«£Lfc«£T?tt. (1-100)® 
[MBL (1-101) I[SI], (11-20)® 
[A®], (1-102) I[RI3, (1-123)® 
[Nffi], (11-2 2) E*5.t^nf,l;f«a^B 

s®^ (i 1-22) Bt3«ttx-ectie.{ci?ffi^c^a® 

SffluSutd^tto. cn £fc^ffi£ciS£IIB£ttfifj 

^OBf^ScTrtt (1, -1, 0, 1) BT&5. C®IC 
C+®tC-B^#^E-r-i)<7)if^«(r. SBfcr^Ttt 

s+Bts-M^fiFaE-ra**. *w«»i=fev»Ttt. # 

JcSr6£c(A«£-tt. C+iSGaNil:S+I«ILT 
*5<3. Ctl^SffitLT^LTi-^. SB(CO 20 

[0 0 8 7] mmo&^iz&itjJvoAJMt&yi^mfr 

G a^bNA.©#> Fgc#2 £fctt3 i: CB<7)^(C^< 
&<5. CCTC-B«C+B«±t::te*ig-Lf#"5Ci:# 
T?*&^©T?, S®T©#>h*&tt£fc#UfcCD£:& 
a. 0«*tt\ CB*3EBfc*-ra-y-7r< 7*«lcSft 

c + ® k & a **, m&0iL&&mm -r a c <t t s b & «a 
tsctm, cBfc^fT^B-ettiwsiL^-r^Mi^ 30 

Kte^iitciti. ee^T. sisawi-v/iii tt 
* { ±#ts c i cat o . mmnmngnkukom ±\zmn 
T*a. St, '*«ta«c*^ttjrjsRftr«tas«*^ 

[0088] *aw©^*fl£»3t* : T L c*i'»Ttt. mn 
mm & *ti*tmi&-t a & tc c ® $ it «r c ® tens? w 

^ISJKtt^B&A^ltl^lfctt. IE5tlCA^^T-*-5Ci: 
4*Sitf. ^CD + co^oA^cDB^^^Lfc^^^fe 
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[0 0 8 9] ^M&WlffiiLTli. SiRlftlcSi 
ffi2tt, lE^JBtt, = ft»tt. *g)gtt> S®. 

x. tt*SHL U > a # I > ttg ft v U 3 > a K «fc o TIS/S: 

-ra^<t^T'^-5„ tx^i©)!^! sttSia^m 

BWT. 0. 171S5<imOl 
il'MtSui^t, <fc0i?i;L<tt0. 17JS 
1. 0 um<Dm&X*&Z>. ttlft<D£5ts.V&7Kfi&&Mtf. 

-*fo£fi^|p] i:-r*«fc 5 £A****»»#ttv ? 

a. 

[0090] gJ?/£S£ffiuv;*£li<7>|ilP8fl£ 1 0 « 
mSSroR® lj£W$21tfl - 1 0 0*(6]<7)A^lfl?. £ 
fctt22# 11-20 J3lft<D?KftMtS-ii) C iT^ 

fc s b**s« i: g& s niitefi s a w s a** . 
[00913 **w#6©frofcSI»c*sv»-c, *y- 

LWt, S2S?iItLTM*ntSI(0|gS,tt 
&f?T?& 0 C + B \Z Jt& L Tftlt&im&M < o T ^ & 
Ci^^nil^. iCI nGaNS^B^MS 
tt 700-800° CT'frZfcSb. Ty^z-TOftMyfr 

mt>m<> iONi^si^ns. £fcAFM-c*® 

^JLtid^X^-yT^iflSoT I n G a Nmo&frtzM 
SSlli-eCAF M U^UUTO^BtK^M^a*. S 

BWfiXSiCcto ;©Mg H-^ibfi^itti^l 

ff5<h, 0. 5- UmgtO^lgtKt^Ct^ 
C+B®±(-fi£fib/cil^'CO^ftTtt« lji 
mtf-y^ga[<73tye^#aEL. IKsXST S B£t#7iSt 

^ico^Ttti^— 7S«s**<t#enfc. *fc. semt-i 

fc^iBC^Stt fc C + B ck 0 m b *-> ICfiX o T ^ a . 
[0 0 9 2] IMfiTX^SfflHTIMfif 

x * (,»t«* ffilfiXfi^ SS*««t Ot^L 
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mm. v>&wl £ a -a z t wx* # s . 
C0093] m2f$.mm<n 

ttSffiKTfT&ffirtKIStt-rsSS 1 #«S^7 7 y KM. 
-T*. f lftSl. SttH. SI 2 *«SgcD**tg^ 
[0 0 9 4] ^RHO^fcttffiafcfc^Klfe^Ttt. m 1 
W^rgR * «— &#ffl a M>(Dm B© ^ X 57 Ji _h ir g= t-}£ 

[0 0 9 5] *^WK>te<7)^#^7t^(Z*3^ 
T«, SfU&«S57 7-y Kg, Site, R^JB2#«H 

ittft-S. ST. d©«fcofe«|jfi«. iltR/dcfidJcoT 20 
0I& L Ac^ft® £fff 2 J#gJf #MlT 3 it* tcigg (cflfj* 

S2)jMot##*s*n5ciT. a 
tt«ft»^,t*o^fl:^*«IK:l»jk$ft* c i fete g . 

* <=> t «3tB»*«*B*-r s «t ^ ~> til t>f# e. ti s . 

[0 0 9 6] ^fSHOMfctero^SMfrfSftSti^K 

*Si7 7-y HH©#Sia5*«lt»V^57«lc»-r-S«iBtC 30 
ncii^TtS. CO«fc'5&«J6tt. a*«3Efi»w«fco 
T*K*U,fctS»B4Sf§ 2 ritfii^lt5fc»t:eai:» 

nscitc/io, $ e (cf£3£ffi»75<if *-r 3 1 ^ o fcga 

[0 0 9 7] *»lfl©¥##:583t* ; ?Ttt. ^SffiW^ 
Sffitt I n©IKOa*fcJ:<tMfcttt>A^<DTf63t3as|s 40 
SI 1 fi!Efi)i©±®lca» Lfc«^©ffii««t 0**v»t>© 

[0 0 9 8] jf!2j£fij|£ft2tt«ai?7 7 KJRtCti. 
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3>^i7 hg^jg^L. 3 47 h/f_k 

pii, nflS^@i:V7.47©Ttc«fiK$nfc 
SI lfiJfltOWC^HTl^ -5 t^^SLTL^ 5 C 

-5.0 

[0 0 9 9] *5£W<D¥m#¥&ytm?im&m*:ft'<T 

w*fijfflLr*«ffi»*ti|iA5ct*«i?*.5t«e>, 

[0 10 0] [^SMWBfcJlS^ 5 ] 

arm. sn#*a<hS5 2#«sfc**n. aw^sic 

fi^fe. tll»«ffi@, SS2#»S!Jf&:<i:. # 

? 1 tmmx-&z>. 

[0101] *5£w\*mfttfLmiz£.om&m&mwizM 
t <t & z> m=t*ri x-t>v&M,i&&m<Dmm 

ab & t» « 2 ^tcE5>J * — o © tc rtlar *a « i* © «t -5 

<n&tiimt>m^ttis!>iznmn\%®v<o>&mtsLm 1 #ms 

[0 10 2] *%MO*ift^tftt, tSl#«@i: 

#52#«B}c^^nfc«js©stt/i$#LT*30. ett 

#*)ilCJ:-3-C«fiRLfc»^T?»i. nS475-y Hn*^ 

u n> \i--?<D&{t#v v&mit&m^&temiz&^x 

Mf&L. ^(D±\Z I nGaNlSffittltLTWL, 
^^(C^©±!CpS47 7-7 KliUTT^y^A H — 

JI£A 1 G a NgTSEtrSiSi-rSdt^Blflg-C^-S. 
Sfc. gffigtt*— C0A^47Stt®T-jHfi)t-rsC<hfcBj 

«gr*5*«. (sqw) Kit. rttf# 

F (DQW) Kit, ^SS^F (MQW) *ifi&f© 
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Wffl^nSo S14H£ I nGaNIibfci^Ctt. *S 
&i<t5:t^T-#5. SfiCCOI nGaNltt, 

il^TS i. Ge, S eftWHt- ^F*E#I 10 
St-r-StCli. jga^J'Mg. Zn. C, Be, Ca, 

[0103] cne^ittsi. sttn. s?>*m2^ 

[0 10 4] KAAItttBttOVftCIl *«i®tc¥ 
I^2«iI15MT-g5. «£*L/iS®£?i|fflL 30 

HMtBtwrniJitait^citfT*. s® 

[0 10 5] JfcfEWro^fcttastJR^Ta. <«#4Lfc« 40 
*. *&. fettJitf>®*8£;*:£< t^cit, W^iSfn 50 
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[0 10 6] gMIlfct<BIl#tItl2M 
[0 10 7] *KH®¥*flF9B%*?a>K1ta> 1 -314. 

mmtmm s c t. izu 5 . 

[0 10 8] duT. M««S=flf©Xl^7'f^ 
^ - > © Jg&fiJtfilf »**ff € *(oJ tCi^T V i -5 t <gSt 

S*iB«tt«*l/cos 6> <g;*:# < ft:* C £.tft>frZ>. W® 

^*|fiillcJt*(E*WCfii»lxfc*^tclt«*«liic«tt) 
[0 1 0 9] ■ $e>»C#Js!E*««*/jNS< t, a^jsKSH 
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co i io] ts&mvftmmmz. fiKss«±ws«^ 

[6]±T^^o ttfcSttll0|fciB8t&SKJ&ftffl*oj£JI 

M;:&B£W««fcD;*:*<&ntf, 3> 

■5. 20 
[0111] MAtf3 0 <tmAO«je^-f t- FJlff «5 
Hm\Z-DHX*t*.*£. ^l«S<h^l#«JlT*ST 
*^tIA^«t5IWi2 0 «mx 5 wmgg. gte 
Ji*E«-C#*a«J*«««»4^:*< tt>2 0 /imftg 
ST-fcS, lt?)bT. SttBO|gMSI$5 0 0«m' 

OMm/cos4 5° =5 6 6 ;tm ! t&0. SM®»Ctt 30 

tc. &mv>fim&±%nti&2t>iz : !()i%:(*i-?$>2>z\h>b 
wefrT**. tf^yttffl© (oooi) ®k 

*fT (1-10 1) ffitejft 6 2". *A>S#BM 
CD (001) ffitCtf-f -5^^® (111) ffitt 54. 7 

CO 1 12] *%HQ¥*tt9Bttlt?U:1*ftfl£ 

T, Sffi*fUfflLT*Sffi«*»7L*C<!:**-C**fc 
CO 1 1 3] 
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C 0 1 14] 1 

mtrnzm^mitzmm-rz. 

CO 1 1 5] C+ffi£g«±®l lit5U-7 7-f7S 
1S10±(C, S i 0 2 £fc«S i NSIUfcTXi-1 1 
2 1 0 0 ~ 5 0 0 nmOO^HT'fl^^L. 1 

0 0 tfmiacMPli 1 3$7^hUy^77-f-i:7 
7t^i7ft>h^ffll^Mtl 1 (HI) . C©H! 

p»i 3\$*mmw\z&^T\mmMtf.T'&o. 
\tftf&?^^xm?<D&mzfcCT^x.z> z. twT-z 

[0 116] *&\Z, »«J«fi£LTfc3— 
It^o inifflSOOtTf^ (20-30nm) <£> 
GaNl (MA7 7/I) MSI, B^KS-TJci 
fc, f(O«fltM«6l 0 0 0 B ceflEH±#**T'> 
UJ>F-^GaNil4^Mt^ 0 C©y'j3> 
H-yOGaNIl 4ttVX^©BP»l 3 Ic/S^-T^ 

tk^i?h^.t> :^msiooo° c*mmi> 

[0117] $6fC-ecO±^-7X^Bl 5£Jg/$U $ 

SBl6SrKW (03) , SSKHSJPWl 6<ort«-eriE* 
^y'Jn> H — ycOG aNS 1 7*>Stt*/\ftli» 

-t<OR, Aft«BttOtt»JB 
©«ffittS (1-10 1) STIt>n^ 0 

TfiAftlCftSS t y U 3 > K-^OG a NI 1 7^ 

tt, x'j3>H»y(DGaNll 7^Wl T^ftiS^ 
«c^^B^SSTffit>nSci:3t3^*. RIP 

[0 118] AftiS^^^i>U=i>H-7 p CDGaN@l 

115-20^ mlg (— m& 7 . 5-10/i m@M) 

«c«to, se^Ti o-i 6 timmmizuz. c 

mig^-f XttfUST* 0 , 4S 1 0 u 

fcAftlt^»dESnfc», $6^i/'JZ3>H-ycOGa 
N|17«IU ^MMS^ftSUnGaN 

-eco^co I n G a Ng 1 8 (DJ9£te0 . 5 nmrt^ 
3nmgS^5o ^^tC (A 1 ) GaN/I nGaN 
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*K FStLt«8gt5GaNSt(J I nGaNSfflU 
T#lil<tt5^tfci&4. InGaNCt 
<*±«SIC«A 1 G aNlSflESt4^i#SSLl». 
[0 119] -?-cDXtfgcD— aPS:->U n > H — 

^■©GaNIl 4^itBt5$Tl7f >^L, SbC 
*-<0|*SLfc«#2 1 KIT i/AI/Pt /Au«@£ 
cn*<ntI2 0tftS. £ bKAftHJiK: 
LfcMtCN i / P t / A u StttN i (Pd) 
/Pt/AuJiftS. HC!>fc#K:«fc9 pt!2 2*< 

(05) . Ctl^OM^O^ Ptl22, n 10 
tS2 0^*7n«i^^(75->U 3> H-^WG aNIl 7 
t^X>7<DTizMlfc£nfZi'Vn>)* — -Jog a NI 1 

ksstj^k:. mmmtm^&R i e (Sfctt-r 
v*->in *fc»^-f-»j— & (0 6) . c 

[0120] co«t5&«isn:ST«ifisnfc*sia6ffi 

05!7t*^«. 0 7[C^-r*T*ifi^#LTU€> o ^© 
=fe«tfllj«ttC+Bt»«±iii"r**7r-f -VS1S1 o 20 
±(Cii£i|«jI£&&->Uzi>K-? , cz>GaNJf 1 4 
L T^ft LfcDSIill t L T<D -> 'J n > K — G a N S 
1 7 £:*rUT<,>-5„ dO->'J 3 > H — 7<DG a Nf 1 7 

Bl:Wt:SSLt6SMT'i£ttiT**S InGaN 
118AW$tl, S6CtOI nGaNIl 8±l:? 

HliLTVny'?/* C-^OG a NI 1 9 t5*JB 
dtSnt^S. p|i2 2(ivny^AF-y©Ga 
NH1 9©±B5K»j5K£nT*JD. ntg2 0ll T^ft 
^ffl55J-<73iWSPTg3n^nfcffi«lC^$tlT*5 0. i"'J 30 
3> F-y©GaNI 1 4 £^L-C->U 3 > K — ^©G 
aNIl 7tC^LT^-5. 

[0 12 1] C©«fc5«C*ifi*#-r****fi«©*#«c 

sc***B*-r4c:<i:cao. sawav/ 1 i uts«< 

teftB{fc&H«C -5. SSfffitt C + ®T 

[0122] ^J5S#J 2 
0875M0 1 5 *#SBL£a*S. *©«iSIgt*C* 

50 
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[0 12 3] Seffi^C+Itt^77'f7««3 
0±K. $f5 0 0' CWigSTA 1 NSfcttG aN<D 
^-rn^cD/x'^^rg^^^T-S. -?-cd^#SL 1 0 0 
0° CCLTy'J^X-'-ycGaNiS l^Mt 
•5. S i 0 2 3;£:ttS i NSrffl^fcVX^g^r 

iSfCi^f 1 0 0-5 0 0 nm©«lTML. 0 8 \Z 
fji-r&VlZ, 7*h'Jy^77-f-(t77i^Xyfi- 
>H*fflKTl 0 «mag©R^tt(7?VX^SP3 2 £gl 
U 0 9(C^fJ:5lC+l-7 7'f 7lfi3 0O£ffi^lM 

tt55«LTR««)y'j3>H-yfflGaNI3 1 # 

[0 12 4] A\Z, -7X^SR3 2 J^iLTfc5-fg 

ftj***fr'5*«. cct^iiiooo 1 cg«(cj5)tftia 

fi£±#U •/ij3>H-y©GaNl3 3£(R«-T 

yij3>F-y<))GaNI3 3 «5£o Tt^fc -> U n 
> K-^OG a NI 3 1 iCUiftt*^. L«e<figS 

Ztztt, Aft«OyU3>K-^<DGaN|3 3*< 
**<ritfi-r«*«. +^«lLti&-CfeGaN13 
3 n±*tT*-&r. J.-P^W(05J-8t©fc*CDT— >*> 
*5tffit5±5l:GaNI3 1 ©Ks/^tt+$K:l*LT 

[0 12 5] AftJtO*#**t|«fi«l t|?l«lC«l 5 
~ 2 0 m m§S (— mtfi 7 . 5~15«mgS) Kteo ■ 

tefc-fel 0~1 A2il6c0;*;£ 
S 1 5 ~ 2 On mgKttfljR-C* 0 . mZ-!,ttMm 

<D±£tszmi o Mmes^fca-enwTi-rsciifc 

-y<Z>GaNg£fi£fiU fCMMMiaLIn 
GaNI3 4«Stl.. i**aK£±*U 
0 1 lfC^-TipfC, ?^i/^iH-y©GaN13 
5£j5£fif£. ^-ffllroi nGaNI34CSSttO. 
5nmA^3nmISf*5. £<=>Kgttg£ (A 1 ) 
GaN/I n G a NOtf #pl^^ll?#pfj5;f 
(Cf^ 9, #-f HBtbTtSftg-rSGaNSfc 

»I nGaNifflUT*«Hi:T4C4t>*4. *® 
fig, I n G a Nfflt<r±©Ii:«A 1 G a NISjJSt 

[0 12 6] *r<D'&. m&mT'$>2> I nGaN!3 4*3 
£ZfpM9 7y FlTSSvnx^AF-^OGaN 
S 3 5 <0-»**«Kifit»fl!|-CBK6UT -> 'J 3 > K-7 
©GaNl3 3<D— g&£g£ti£-t*-5. S^CfOiiL 
fcS«tCifilr»«»fcT i/Al/P t/AutKlf 
T*. cn*«ntl3 6tft4. £ <=, K*#li_LK:)S;5 
LfcgSglCN i /P t /Au StllN i (Pd) /P 
t/AuSltn. C©lfCJ;0ptI3 7^^ 
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■r-s mi 2) . :n6oi»©^i;B, w.mm±v>m 

[0 12 7] Pftmomms 6.37 £ffiJfijcL£:l£, 0 1 
3{C^-r«t5tC, SRSHfcJlH^R I E (SJ6tt-f*> 

[0 12 8] COJ:3a:«i6XST?»ifiSnfc**«fi« 

0±lCi|8aiiL.T©y | j3>h*-^©GaNI3 3 £ 
C0yiJa>H-y©GaNI3 3 teS4£ 

ff»:aifiEL/T«C*»ttT?gttliTf** I n G a Ni 3 4 
jWBJfcSn. S6Cf©I nGaN134±C^77K 
lilTTnxOA K-y©G aNf3 5;WBfi££tX 
TH*. pig3 7li7n>">AH-^©GaNI3 
5©±ffiKl#fifcS*lT*0. nII3 6H, 7K£iti© S 

i±t«Bfi«rin stifcincBStsnx* o . -> 

U 3> h'-y©G aNi3 3 (CiSS}gg£LTH-5 0 20 
[0 12 9] d©«t 5 «t«Ht*W-r 

0, I^MftV/ I I I Jt &OTn£T& 

a&C*«OiHK:»l/T«W»bfcS1B*ffl«r»*Cli 30 
"C. ^aS^^IWlh-r^CtfcT'^. 5E*tLfc3t*«l* 
*<» : F>1.»k:»< c^4«t««. 

[0 13 0] **Jfi«-eB««IC>'U=i>H-7 r 
©GaNI^X 7 f >ybt^7 7'f71«3 0 

tuit*i. tMgfs^.*nn ->u3>K-y©G 

© <k 5 (C L T &3ktz&M,mm © -y U 3 > K - :/© G a N 

-5. Ell 5C-C-0«k5!te»it*te-e«itanfc* : F©« 

^7r-f -f««3 0 MZBtfLZfttcisV n> 40 
H-yOG a N| 3 8 l:S« 3 9 «t»j«Sft. tVfhU 

h-y©GaN|i!iW$n, lnGaN13 4*^& 
vni"?iH-7 , ©GaN13 54>^ 
pIf7 7Kl. Ptt3 7, n««*«®lS$n. In 
•GaNJB3 4*^RjfS<7)i&fi©5t*<ltDtBans. 
[0131] HSfiCT 3 
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$><0. mi 6 75SS2 1 £#!»Lfc#e>. ^©SSitUI 

[0 1 3 2] *«£ffi*C+ffii'r3-fr7 7'f 735*4 
0±IC. If50 0° COfilTAlNStBGaN© 
urft*©A*> 7rISffi!it5. ^-©&#fflL 1 0 0 
0° Ci:L.T->U3>H-7'©GaNI4 1 Sr^f 
*. -E"©&. S i 0 2 $.tzitS i N*fflV»fcvXi7S4 
2 ££MK:JS£ 1 0 0~5 0 0 nm©teBTJBfi£L. 0 
16IC^-Tcfc^lC, 7*h'JV^77^-t77i*l 

*l.iM4 3^Mt5, CcD^PSP©7C#a^f^0 

[0 13 3] XlZ^m. /SfiiSKl 0 0 0° CT->'J3 
>K-7"©GaNl4 4©«MMfTO. S«J. S/'J 
3>h'-7'©GaNi4 4iiRiffliit4 3 
■T*3i*. Ltf5<«J|Stttt5tai*<Sli (1-10 
1) ±5&SAa«©»ttS«SL-r<*. jftftftfW 

5^i:TSlTSbtlS^iiJSSR?Xi'©#WSIi 
^•3«^(C^£-5->U 3>H-7*©GaNI4 4*^fig$ 
n-S»„ f©MM«*ft»LISttlt&4 I n G a N 
I4 5^1tl,. 11 8 (c^"t"J; o fc. figg 

fiS€r^Of±#a-fr. pI?77Kltl/T©7^y 
■7 A H-ycOG aN!4 6 Mfi^tS. -?•©(£© I n 
G aN!4 5©J?£«0. 5nm*^3nmggT*J5 
So £<=>tcifri£©j?Jjgm> 2t|BI«C. SttJH* (A 
1 ) G a N/ I n G a NOifSFi^^Ii^FI 

£/tttI n G a N£/Bt>T£*fllit<!:-f SC^fe**. 
tom, I nGaN©t<*Ji©il;HAlGaNI^ 
5T5it*iiiLlr>fi|t Bffj£©HJ?£0iJ 1 . 2 

a^fiXfi^icfi. i^^©ii^4 3fflit= 

C©?5i*T-te#fg7 , es!t^©*#;*£«3— CtSCt 

[0 1 34] 7Xi?I© — SPSr^P ItGaN 

H4 1 ^attl^i*. £&l;:-e©|SfcSLfc»$M 7KT 1 
/Al/Pt/Autlf|fn. ;n*«ntl4 8 

•fcfc*. $bi:A^i±«St/cl^Ii:N i/p t 
/AuSMNi (Pd) /Pt/AuSItn. d 
©ItCJ:0pll49^t5 (019) . CinS 
©i«;#©|i£. pt!4 9, 11114 8(^^1^8=1; 

<I*nc:tAi£-Stab5. 0 2 o fr^-ri 

if) £tz\t#'(D— uizx-ftm-tz. ctuz^tj^mm 

[0 13 5] C©J:3&«iftI« , r«jft3nfc**J60y 
©fB£§?HH;i. 0 2 lCStSKfiJfittUT^*. * 
©£«iJC + S^Sfiiftt5*77^tSS4 
0±fc*6ii«Jg < i:fc£>->U n> H-^©G aN|41$ 
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iM.TBXILfegSl<!:LT«Oy'j3>H-yWGaN 
U4 4£WLTtA&. u©->U3>F-y©GaNl4 
4»4**±ffitf4«»UT34*SiBlCfl|tonfc«iB** 

t*5InGaNl4 5^M^n, $bl:f©I nG 
aNS4 5±JC^7v/ h'liLTT^y^A K-^CO 
G a NH 4 6 #*fl2fi££tlT<^&o ptl4 9tt7n-> 
^AF-y®GaNl4 6 <7)±ffilC^BX$tlT*5 , n 

Mf&£tlT&0. y | j3>h'-y©GaN!4 1 SrfrL 
TyUn>K-^GaN14 4 
[0 1 3 6] CCD<fc?&1fjfi£Wt-£*llffi0y©#^# 

!&>£#'J S-AJIH^cDtf > h'WSc^it^-r -Setter 

*2iW&v/i i i tttw<-r*c:iA*^li)B-r* 

fc* < m^ts-w \z m < z. t #t * « . 
[0137] mmm 4 • • . 

0.02 2 75H0 2 7 *#UB 
[0 13 8] S«iISC+BiT4-t»'77-f7SS5 

•>U=i>H-yOGaNI5 l^Mt5„ -E-<Og, S 
i 0 2 i;fcteS i NSffl^ytTXy-Jf 5 2 £±Bl::J?£ 
lOO-SOOnmOiltML, E2 2(-^TJ:d 
fC. 7* h 'J V ^7 7 - i7 f t > h Si 

t^Tl 0 amafl[OnJKtt©BJPa5A^&*SE«« 5 3 
^X^MS 2 CCDt#(75— 22tf)73f6]«l 

- 1 0 075(6] \zmw.iLlrz>. c©HPffl5<o*S£ttffc0 

[0 13 9] tfifill 0 0 0° CT-x'Jn 

>F-^OGaNI5 4C^MS$ff^. SI), -> U 
3>H-^fflGaNI5 4«n^©-^gR«5 3 

Ltf6<jBEfi*ttttStHH**SB5 (1 - 1 0 
1) «fc0fc*7*ail©JEM*S«SLT<-5. tft&mm& 

g.otz^ffi'&ittftmteBmztLzw, v n 

It. 3**|fS<D;*:#;*a<iB2 0 timgg (— i2*U Oym 
S&) KttofcK. iU£«A£iffi:£:LT^CD— 22<75 1 . 
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6flSgSt^-5. t5tI2 3(C^-TJ;oiC. 1 6 um 

mmommm 5 3 <k 0 *>fiE®a*j£tf«ofc -> u a > K-y 

®GaN15 4^J5K$n-5„ KftmoXgZtf 

fil 0 MmeStf -SCtfenJtgT"*?). 

[0 140] S5C5'>J3>|5-7'©GaN6ftfil. 
*©f*JS6ffl«£ffii*Uatt*.hfc* I nGaNI55 
SjsfcR-T*. ■€■©«. 112 4{C^-TJ;5ir. fiScSSgS 

10 -7 , roGaNI5 6$tfl$ti:4, fdg©InGaN 
15 5<£>JS£«0. 5nmi!i^3nmilTW. fitt 
SS (A 1 ) GaN/InGaNOlf#FI^li 

SGaNitBI nGaNSffll^lilitSCli 
t>&-5„ -?-CDf£. InGaN©t<r±Oll:HAlGa 
NBS^t5CiA«S*L^. dWapgT'. InGa 
Ni 1 SW^y^A K-7'©GaNI5 6 te&Mtt 
5 3©»ffl©V^^»5 2 0±S"CffiSE$n. S2tfi 
lTWy'j3>F-y®GaN|5 4©4^il$ 
20 n, ffittlTS4InGaNI5 5. Y^y-^AF- 
7V>G aNS5 6<Difit&tfMi&.2tlt£\,*Z.£fre>. Stt 

[0 14 1] -E-Oi. 77^1©- gPSgSPLTG a N 
15 1 £«tH£-B\ *SKl-t«5|»*Ufc«»5 7KT i 
/AI/Pt/AutlJIfT5. :<l*«nM5 8 
^ ?>l:A^i±«Sl,fcSSHcN i / P t 
/AuSfeteNi (Pd) /Pt/AuSISf5. ^ 
©a£#fC«fcr) pigs 9*i^TS (i2 5) . 
<7>^#<7)^. pt!5 9. n«ffi 5 8 te^n-g-'nffSJ: 
30 <Iftl.^tWSt*5. g|2 6(C^-TJ; 

so sfc«^-fu— uzn&mr*. cnfc«to**«g 

[0 14 2] £©<fc3&8^ieTS^Sftfc*SS*0!l 
O^^frfE^^ti. 0 2 7 (C^-r^ltjfiSWLTH 

*«5 0±»=tta««£&«5'y 3>K-:/©GaNJi 
5 1 ^LTMLfcS2fXSli:LT©yU3>F- 
7'©GaNi5 4&tltl^. C©yU3>F- T'co 
40 G a NS 5 4 tt£«3Effi<h««&LT&-5 SffitCStott 
ifcJSIBSWLT&O. 8I*5 3OB««t0**6iS 

[o i4 3] *m^z\z. u©ssi;fffi;s 

&LT&£fl<mTfiH£BT£>£> I nGaN|5 5)5W 
Stl, $6Cf©I nGaNI5 5±l:?77FIi:L 
T^^^->^A F-7 , ©G a NB 5 6 75^fiS$nT^ 
€>. pfg5 9«V^*->£7£F — :7<Z)GaNfI5 6 05 

50 -7©GaNi5 l$/MTyU3>F-7©GaNI 
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[0144] z.<D£oumm*m-?2>*mmm<D¥&te 

Ztytm^te. yiJ^>K-ycOGaNl5 4, InGa 
1 ^iiltSfL^bnlgS 8 ipll5 9 

&mm tz km i> xmife £ m±x^ £ * 

[0 14 5] Sfc, InGaNl5 5^7ny^A 
H-^GaNlSGfU^T, > U n > K-7*©G a 
NB 5 4<D±ft&Wim2tlZffim£teD. $15 5, 5 

^mz&5±znz>z£\zter). zztz&ymmwmtt 

££^ofc24S ; fef#e>*'l£. 20 
[0 14 6] »S£HtC»LT«»LfcSHS*J 

>\ i <DWLtfmttZ>Z.t\ZtSLD. mUhffiteV/l I lit 
[0147] ^Sg^iJ 5 

[0 14 8] *||«8fltt. |«6fl4£ntt£. 
^C+ffi^T^-^^y-f 7»S5 0±{C, «frj£<Z)£«K 40 

tti/ty77l*»«l/, ^(£&#fiLl 
0 0 0° Ct* 1 liltfiit l/Tfl)'>'J 3 > H-y©G a 
NI5 1t»«f*. SiOiSSftliSiN* 
ffl^t7X^I5 2 100-5 0 0 nm(7) 

3S««*TX^B5 Z^BfiCt*. Z<D££<D—m<Djj 

ifttti - i o o^iaicfiBtt-rs. c©Bna;©*«s 

[0 149] *l:BS, fiJfifiSlOOO 8 CTx'Ja 50 
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>H-^OGaNJB5 4<0«SSa«fi*ff5. x'J 
3>F-^GaNI5 4ttH»<BiS«l«5 3fl>5fiRg 

-r***. Ltf6<***«*t*t«H3&*sa ( i - 1 o 

1) «kD45AftiO»«*»ILT<5. «fiB9WJtf« 

> K-y(OG a Nl 5 4 LfcftL tf 6 <«ftStt 

W\ 7^£iO*££^i|!l2 0 wmgS (— ffl^lOtfm 

6«g«<fcfc3. 16tfmi«O3g«WE5 3i0t)tfB 
ffimtf^tzis U n > F-y©G a NB 5 4 **»jatS*l 

[0 150] ^b^yUnyK-^GaN^Il, 
t©««M«Sfi«biSttita5 InGa Nf 5 5 

9* K|tLTOT^y»)AH-^GaNi5 6 £ 

-ycOG a NB 5 6 Ktn*TttS8iB« 4 tRHItT**. 
Z.<D&mT\ I n G a N S 5 S^^y^AH-y© 
GaNlS 6ttfiffi!C5 3(D^fflO^X^B5 2©±^ 
T*5£3E$n> S2fiEfiIT**5y'j3>H-^GaN 
154 giiit^l) I n G a Nl 5 

5, 7^y^AK-^GaNi5 6 <0S8«**»j5fc£ 

n&^ct*6. fittJlo*fl:**«8»clWih-r*e:4:3&* 

[0 15 1] S1&5 0±<D> 'Jn> K — a NB 5 
1 ffllfcSLftSMHwT i/Al/P t/AulK 

i^if-r^o :ft#nta6itas. £ e^T^gu^;: 

Xr77 J m[:^btl^fi^lTf(D^ 
^:tffi^lTNi/Pt/AuifettNi (Pd) / 

p t /Auzmmrzo cniao pti6 2**§sjs-r 

@28) a -HRfC, AFMtie > nfcXf77'&<!: 
tl6 2*R^. ^ne><7)^*00^, p«S6 2, n 

m&6 1 ^jeaHT*S'>'j n > h-^og a nb 5 4 

.hTX^^TllM^n^y'J^y K — y^G a NB 5 

^n** J: < if i t WST»*. *<DWl. z<D 
f/HX^R I ESfc^^-^-Tiii-e^Bi-rS (H2 

[0 15 2] CKDii&WiftO^Wf*:*^*^^, > 
ij3>H-y©GaNl54. InGaNl55Mv 
^*>"5A F-ycDG a NB 5 6 0>±»Sfctt— OWiS 
««5 3<OMi07Xi7i5 2±l:ST'Sffi*n-5. C 
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[0 15 3] $tfc* InGaN15 5R^7^*y»5A 
H-^GaNl5 6l;J;oT, y'j3>H-^Ga 
NJB5 4(0±<*:***«Sns«iaa:»:0. §155, 5 

[0 15 4] ifc, SttB^WmftAttMjftiEWHT 

[0155] flSSflSJ 6 
f<B«T*0. H3 175SH3 7*#JHLft#S*0>* 

[0 15 6] *j««4£|ifl«K:. S«3E®£C+ffi£T 20 
5it77^f7Sfi5 0±l:, airifi<0€Hg*«i:BI««c. 
BiAy7 7i*»tfL, MiHUOOO' CT . 
S 1 Mli: l/T^)'>U □ > H-^G a NI 5 1 

jarrs. ^cotg, s i o 2 *fctts i N*ffltit7xj7 

152 10 0-5 0 0 nmCOllTM 

^Tl 0 Mme*©n»ttOBPa5^6«c4J8««*"^ 
X*«5 2fCJg/rr*. - ^<h^C0-i2 CO Tjfttel - 1 

0 O^frKSfi^lT*,, C<7>WP»cO^**ttf^0fc(ri 

[0 15 7] Xilzm^ I&MUmi 0 0 0° CTvUJ 
> H-^G a Ni 5 4 ?t3. 3*J, ->U 

3>F-^GaNi5 4ttn»<OBlPBRd^6j«S"rs 
d*, Uie<j£fi£j&tf<5£BH#sH ( 1 ~ 1 0 1 } 

-^G a NI 5 4 tWfiltLfctftUtf 6 < fifcft 

1 6 /z m@*c7)^^^ £ 0 t>HES^A<o fc y'Jn> F 
— 7<DG aNi5 4#»rit*n*. 

[0 158] Sbl:yU3>H-y©GaN^fi!ciL, 40 
fOMMg^fiilftttli^^> I nGaN|5 5 

HitLT07^>">A H-yc7DGaN®5 6* 
j£6£t!:&o CtlblnGaNlSS^^y^AK 
-:/<£>G a NS 5 6 tCO^T«^S£^J 4 ch^«T*So 
C(^g|^Tr> I nGaN15 5^Ti/*S"5A K — 7(7) 
GaNlS 6ttg(fi«OHl(?)7X?i5 2 0±STg 
S2«filT*SyU3>h-^©GaNi5 
4<D±ft:a*««3ft, MT^^I nGaN155, 
?^y ^ A H-^0G a NI 5 6 0»W$n4 50 
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[0 1 5 9] 03 1 fc:*-r«fc<5fc:, n^ffi^r^^-r^StJ 
Kl, 7^y9AH-^GaNI5 6(Di$i0SS 
p«M 7 1 p«*7 1 «r»|«l,fc 

*77< irS«5 OCO^BSTR I E£fc«y< it 
-fc£T$H**7 2£»*SLT#HIU ^^T-firSffi 
5 0±T*^cr<h(C^^-r^> (0 3 2) o AlZ. 
yTl/-1f-?^^T, *77-f 71S5 OfrtmT 

^ffiScoaBSR^JCS^fCT i/Al/ 

Pt/AutgJItn, 03 3i:St«k3l:, z.<D 

[0 16 0] B34H ntISIBi:»fi!it5ttO* 
2(0£«7 7£l,-OSSU C<D_ht»*#JJl7 

LT^^$n^>^it^7 9^tcH3 1 iz^-rvtmomT 

&M#)&$So t<D'&, 134© (a) \Ztt£o\Z. +h 
2 4 8 nm) T£>£o 

[0 16 1] Sffii:a#nGaS|»ilfc 
03 4<D (b) tC^-Tct^tC, *77<7HS50 

*wrtft*#x*£jB^fcR i Eiz^vm^mzftm-r 

i/Pt /AuW^HT i /Auftt^6>&StS7 
[0 16 2] 0 3 5tt*]*Lfc¥**^*^©WJB* 

fiflTtt, S2SfiIt*5y'j3>H-7 p OGaNI5 
4<D7^ftOiEffifCiEi;T/Nft®<^BBP8P7 5^nlg7 

[0 16 3] ^J^LTn«^^iS0^ 

■rt><o-e&5. *T6n»sa3 s^-rstis^fc 

lSffiffl5»JIv' , J3>K — ^OGaNIBS 4. InGaN 
155, Stf7^^") A K-T^OG a NI 5 6 « 

sn, mKmzv>m®7 i«^nti^o m^sh 

7 6t4S«C0iiJ^$nfc>'U=i>H--7 p ©GaN@5 1 

(Dmrnizv 7 b*7teE\z£.^>TWf&ztirz i to (i 

ndium Tin Oxide) 
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5. 

[0 16 4] H3 8te^l«Lfcai9i*«7 6£fltA.fc* 

5CiT*. yU3>K-y©GaNI5 4&0!7ny 
5AH-^©GaNI5 6 tC85£tlfcffittlB<fc LT© I 
nGaN15 5 7 6 Sr&jfiL 

TJttta-r^. ei 3 8 ©^awfatae^tt. ^-©«ig±. 
£t-&. P ti7 1 tmmm®7 enamusfonmtt 

£.Ctt\,\ MIC. JgttlB**SfB£Ufc3£tt»iJli*«7 6 
fc. y U 3 > K-^OG a Ni 5 1 OgIA^)t$t 0 

n > F-:/©G a Nl 5 1 ©SgBfcJttfcWJEi^BWT® 
JEdc-rSCi*«-C**. C©fc*6. £ffltt&7 6®&ft& 20 
trt£Ttf -5 n«FCn««Ut0lBUOfci&fl5 
vx^Jf ©Jnite^aT'fcSfc*. ^tt^atfAtzS 

[0165] mjlfl 7 
#HJSfl«, #ttOStfH«*»j«UTaWJ«fi*-a--5# 
SI#i£?£3t^©flT$>-t). 0 3 9 71SEI4 2 £#BBL£c 

[0 16 6] El 3 9IC*-TJ:5IC. lS£ItC+ii 
tSt^T-fTSSSOll;, $f5 0 0° C©i£*&T* 
A 1 Nl£fz\tG aN<D^-?tlfr<V/^y7 7m$:MrfC-t 30 

4. L 1 0 0 0° ClcLT->U n> K-7© 
GaNI8 ISMtS. S i.0 2 £;tttS i 
NSffl^fc779I8 2££BlCJg£ 1 0 0-5 0 0 n 

•y^-V > h££H>T 1 0 wmx 5 0 u mM&.<DfeBVi<D 

mam^^u^mmms 3&Bifcr2>. ^©£#©522 

©Tffotel - 1 0 0^|6]fC<kS. -tOftt)?— SilSftflc 
fi£fT5#, C©<fc£t;il 0 0 0° CgglC_k#L. -> 
U3>h*-ycOGaNS8 4Sr^fi£-r-£>. ->Un>H — 
^OG a NB 8 4 »4-77i?©8I*8 3 CSfitS^. 40 
L tfc, < jfcftStttt* «tB 4 0 lZ7K?m&<D£U-gWVtZ 
*©»^*©*#|jt©S®ttSffi£ 1 1 
- 2 2 BtfffifrtlS <£ 5 IC-T-5. 
[0 16 7] '>«c<it>+»<j:l^|W*t«iflLT*±»(0 

l;xU3>K-7'©GaNi5Mt^ -tO&JSfiffl 
«£{SMLT. gttitft6InGaNl8 56)«ftt 

L-T©^*>"7A K-7"fflGaNS8 6 £j£g£-fef- 

5. ^©SSOI nGaNI8 5CI3140. 5nm*>6 50 
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SnmSlTSi. ^e.tr|f[j7|!(0^M^J 1 , 2 

tC. fifed £ (A 1 ) GaN/InGa N©fi^#F/g 

T««B-r«GaN*fc»4I nGaNSI^Ilit 
T-5Ci:t>*-£)„ I nGaN©t<lOSC« 

AlGaNi*fiESt5dtA«IiU^tt. Jiffy?©* 
JSSfll. 2 ^^t'^^i. 

[0 16 8] -£-©f£. TXi7jlC0— gflSrUP LTG a N 
B8 1 £fitB£ti\ S^lc-tO(ji*L/fc»»»CT I/A 

l/Pt/AulfJim. Ctl*«n*«8 7 tSt 
*. £blC/\£§i±fc/£fil-fcS^)llCN i /P t/A 
uStHNi (Pd) /Pt/Au5Ift5. Z.<Dm 
*l:«t0plS8 8^t5 (EI4 1) „ Ctlb©^ 
»©(g, pm®8 8. nfl8 7l«n-enttgJ:<I 

iLT, MIC J: 

[0 16 9] C©J:3&«ifiIg^»ift2Fnfc*5&«fl 
©»3t*ftt. 0 4 2 !C^-rpg^*jt^WbTfeO. S 
B£f < . 1 l-2 2It)0^tlfeyU3>|< 

-7'CGaN18 4$fLTUS. C © «fc o UW&h t 

feO. fcT. mStECOl^ — ft. «Sftm4'©t5ljffi. i5<fctf 

[0170] *SSfl 8 
*HS6fltt. a*?^X*T&to558«*J: t) 

#IBtJil^©flT-&t), EI 4 3 7iSEI4 8£#BP.L&;&* 

[0 17 1] gffiiB£C+®i:-r5+i-:7 7-f 7*1S9 
0±(C. mIili©#IISSfli:|^«(c, fil/1y7 7i*0 
J#U f«MILl 0 0 0° CT->U n> K--7°©G 
aN|9 1 €:SWr-5. -€"©». S i 0 2 Sfc«S i N 
&m^tz^?.>7m$ 2 £±BlCiS£ 100~500nm 
CiiTML, El 4 3CSr«t5IC. 7*^^77*7 
7^-i77t*l7ft >h$IHTl OwmgS© 
n»tt©Bpa5^6.a:S«!««9 3£Ty^B9 2\ZW 

is-r*. c©wpgB©7x^^af^t)fc^^©#tt{c«t 

t)^^.-5„ 

[0 17 2] ^tcSfi. ricftfflft 1 0 0 0° CTv'J 3 
>K-7"0GaN19 4fflMMMfT5 o ->'J 
d>H-7 p ©GaNg9 4liRffl)g^«9 3*>6Stfi 
Ltfb<^fi£t(t5iBI*ssI (1-10 
1) J:0&DflO±ffi*<««£ffi£¥fTfcC®*W-r* 

fi£fr^. ±®©C®di5patC^^ofc«t«fC->iJ ziy 
K-7 , ©GaNi9 4©fMMt5 (El 4 4) . C 
©±B*^fi7SA^It^©«tfe«. Wi6©/xftlt»«o 

[0 17 3] ^ety'Jn^h'-ywGaNSSlL, 
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■t©»J*fiffitt*:fi«LgttJi<fcfc.5 I n G a NH 9 5 

— 7<DG a NH 9 6 -^CO&cD I n G a N 

J19 5CDJf£teO. 5nm*e3nmiiTSD, if 

B U H h Bffc-T? % 3 A « © ^Jg^J «t |U &t £> & . 

[0 17 4] TX^iO-MiPLTGaN 
19 1 €rStt!$-tt. ■t£t>\Z*<DW^tzUft9 7ICT i 
/Al/Pt/AulffiJltn. Cn#n®li9 8 
tft*. * SCAftjIlCriESI/ftSSlCN i / P t 
/AuSfcHNi (Pd) /Pt/Au5|*t5 t C 
oiti:J;?)ptI9 9^n (04 6) . Ctt<=» 
<nmm<D&, ptS99, n 9 8 tt^tl^tlttSJ: 
<Ittl.c:i:*i£>fT*| 1 . 04 7{C5F-r«k 

#1 C «t 2. 5EJt * ; f &5ZfiLT i> . 
[0 17 5] £©J:3£cSifiI6T«lfi;*nfc#JSM0d 

0±fC^$tl-5->'Jn> K-T'OG a NJf 9 4tt. _h 

[0 17 6] ->U =J> H-^CDG a NI9 4. I 

n G a Nf 9 5 RtfV^v"? A h'-^®G a NI 9 6 
<V±U£.fzte— flSdf£ffil£9 3©M107X^I9 2± 

S*?^««iicDSM^*afD $ n. n «@ 9 8 £ p 9 
9S**lC»l»LTfi»*IBil:T#S. InGa 
NI3 5RC/-7^y^A F-7*fflGaNI3 6 ©SSR 

i^itMfef bli5. 
[0177] El 4 9 *5 J:tf 0 5 0 tt*3liHrJB«i£©¥ 

IilSliSSt0t*5. 0 4 9:fci;Oqi|5 0CST 

fCcfcoT|5££U y | Jn>H-^OGaNl9 1©II 
lCn«S9 8 b*f«St/fcMT**i>. _Lffl#¥ffi&*;ft 
tt&mK©J&fiB©6PJ£!C«. ->U u > h'-y©G a N 
194, I nGaNB9 SRZf-??*i"yL.\ t -7<DG 
aN!9 6 0^»$tli- g|5»^SR«<OMffl©TXi7a 
9 2±CSfia$n. fOS^|!l:ttptg9 9« 
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[0 17 8] C©@4 9i5j;tf0 5 0 dSrrStigWciS 
<AT«. n ti 9 8 b*<-> U 3 > K-^G a NI 9 1 
»*BlC3tco^tb)L.g5<h7i^>^X^g9 2<p&mm<DW. 

ctr-. ¥##*3£*^©iMX*>h£< racier 

7X*I9 2 SiPlT3>?i' hffi$.&W 
10 JJHFlcfcHTfc. n«@9 8 b<DRt>r)\Z I TOK&t' 

[oi 79] mmm 9 

[0180] z\<D¥m#&ytm=Fte. mmmet^if* 

is^A K-^OGaN!5 6£^ftt5i:C5tTI^ 

ntll 0 Ott-tf7 7-ffM5 0©ffl'JSP<75 -7X^)15 
2$fflOLfc««C. Ti/AI/Pt/Autg5| 
^-r-SCtT^^^tl^o C©nH® 1 0 0tt«®:(DA 
ft 6> ts. 3 WtL \Z Mm £ #t^T -5 C £ Hfi-C # 3 OT 
St, Ni/Pt/AuifcliNi (Pd) /P 
t/Autl£IfLTptllO C© 
pMMI 0 lt»l£H|!!lSI5fc«), -oo#fT»tH 

30 te$4A5Ct1:, MiftLTfffltSCt^T- 

ifcjfc&f ttR t; fc (D £K5U 5 ttMt -5 C 4: £ •& 

[0 18 1] -/U3>F-yoGaNl54, InGa 
40 NS5 SRtfV^y^A h'-^COG aN|5 6 ©£SS 
8IWSR«tt5 3©SIOTXi?I5 2iif;^T 

ft*is©ais*««in$n, nttiootptuoi 

t*»Z»*LTfi»*Wjh-e#4. InGaN 
15 SS^nxC'A h'-7"©G a NB 5 6 WSggfra* 
ifi*vxi7B5 2 frSj-rsfllffifcf SCi^TtS. L 

50 -Dfz%}%:hn<bt\Z>. 
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[0182] mmm 1 o 

-r-5£:i*cDgEii&l 2 6 R. 12 6G. 1 2 6 B^iH^tX 
&*5, n«® 1 2 2tt*jli$n. i&SfCJSi; 

»JSJt$tl*. Ml 2 0±l;«?X^I12 5»i$ 
*rf tc^nT&O. -e©TgR<Z>->U=i>K-:7°<DGa 
Nil 2 1 £<75&M£igftt--5eijfi<i:£*lT^-£>„ 
[0 18 3] C«<fc5&B&^gBXti!lf?J!3£BtC 

TtBUBf 1 75535 3 a^ftsffiw^-tn-engttii 

tC^3iT.fcl«ifi**LTI/>-S. 6-EISl 2 6 R. 12 
6G. 1 2 6 B fCffi&LfcM^ £C<hT", 

D . SSEigU 2 6 R . 12 6G. 1 2 6 B i;:[B3m^£4- 

[0 18 4] ft*. ±J6«)$S6JfiWt>. it77<irS1S 

«±»c«ji-r«fc**fT?tt!tt<, s i ±tzm&H9 oot 

TGaNl^Ml/fcO. S i C±C 1 0 0 OttA 1 
NS-5nm^fi$-B-fcftGaN^^fi$-B-fcO. GaNl 

^. 

[0185] 1 1 

#SSS#JCD¥##f67tjR^«. 0flx.l£C (0 0 0 1) ffi 
-y-:7 7<7gt£cD$n^J5)tfig1£l 3 liCnSGaNl 
^e>&4Ttfc#cfill 1 3 2 SrMOC VD (MOVPE) 

£LT(£>^X;7/f 1 3 3 Sr^fiETS. 

[0186] :o?x?H3 3i:ii^)(!tt©»p» 

T65^8l3 4«^n, fWifl«13 4A^ 

1 3 5A<M$ntl>5. Cl£>&||J5£«Ji 1 3 5te#Jx. 
ifnSGaNifAlGaNI^eSO. -e«»fS«BS 

[0187] ^S^cfig 1 3 5 ©3S«£ffil=» UT«» 

0. *£S,fi££)il 3 5(DSnSB«)i8«fet**iSSLTfl^ 
fi$ntnS7 7 7 KJ10>-hK:ffiteJi 1 3 6Wpf.f 
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77 KH <h LT««r*JB2#«JB 1 3 7**««3nT 
OS. cneSttJIl 3 6RtfpS^5y HJitl/TtK 
fg-r -£>£?§ 2 #«Jf 1 3 7t*ttAjfc&Ml 3 5©s®sa 
ffif S<fc5tC^(5£;*ttT:fc0. gttI13 6«SRtI 

S«i 3 i©iii:WTi{£<SftsnTt^. St?2# 

MM 1 3 7 13: #| x.(fpfGai\'l^A 1 G aNIA^/j: 
-5. SttJB 1 3 6±»£ttO:b«$>SA 1 GaNlSML 

10 [0 18 8] I2#tll 3 71CI1 ptStLTi 
tg-T4^2mffi 1 3 9^*0iJA«N i /P t/Au$feti 
Ni (P d) /P t /Au&£»#)I#JSJ8StCcfcoTif 
fig^nx^O, ntIiLTMt^liffil3 8^ 
«AtfT i/Al/P t/Autt£©*«^«Bl»CJ:o 

tvx^s 1 3 3 &mavrz&ft\zj&fiL2tiT^2>. m 

ltSl 3 8*5<fctfSg2*& 1 3 9}i^Jx.tt*^*^"J7 
h=f 7ft£<©#fe£JBOTflM£ftS. 
[0 18 9] ^Sgjfifll©**^**^*. -tOffittJi 
13 6Cf*^HCt4>5. SttHl3 6{rj$A£ 

ttn 6 itm&f&mm 1 3 5 <d s ffitce-p T/*fts« 1 3 

1 <D±ffil,Z¥-ftT't£.<m&£tLT<<->Z>fzlt>lZ> ^(DlSfe 
mi 3 6<DWmSlZ+fttzfcWr)&&>r>TMf&.2tlT^ 

5 3 fc^t-cfc e> »c. m&m 1 3 6 «®*S £gl 1 *S 1 

3 8(DIISS 2iSMfIl 3 6 SSlSiifflK^flil, 

fc¥&ffi»S 1 <ofa ( s 1 + s 2 ) «fc 0 t>3 «=> fc:*:£& 
[0 19 0] *S6Sfi«C* : f*«30tfiift©583t 

30 y-tit— pm^x&zm&xit. m\m.mt.w,\mm.m 

X&2>Tm&n.Mtfmt&T2>mtiL-rUt>-iZ> S 2 te20 M m 
X5*ineaE (lOOwmSS) . Stt»*IE«Lfc^*«« 
S 1 «^:^< chfe20wm^SScO (400wmgffi) Tfe 

mmunn-c-mmniiims' owftm&BiitL. sit 

11 3 6#-t©#ffilCi9— K»fjt£ft*4:. Ktti6 0 
^ffi»tt20/imX 20/2 (0/00545" = 566wm ! £&0, S® 

40 [0 1 9 1 ] 0 5 4 5 5«JEfSfiSlD^iBfD-r'2)S6<) 

smj< 1 3 3 <Dwmw 1 (@5 4 #hs) ^mm,f$.&m<D 
mfa^ffi^cDmm^? n^^o3¥«b»w2 (05 

5#HH) £0*£<&SC<h£:SL*:fc(7jT'c&0. ||fji£ 
©«fc -5 Cigtti 1 3 6 *<|S j|j&Kfli 135® S ffi lefto 
TBXSS^l 3 1 C0iffi(CWC s ^<5gaE$tl4«^rT 

«. -5-©stt® 1 3 6 ommsit. liwi^tis 

W2«fcOtt**<&0. +73-^J£^0Sr^oTlgfi£$n 
50 *^©««ttS3fe#T**. 
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[0 19 2] 0 5 3©*T*ifi©¥##fS3te* ; F--Ctt. 

ts ¥m&&K%=?<Dm&m<t £ m * z. t * . 
Kih-r^r t*>T-$, 5t£.i,ityt&3im&<m : ?-ftmz io 

• <Ct««T!**. *fc. fittJB 1 3 6*«»tt»c4M*U 
Tl>5ii*t4fc». ffittH 1 3 6£Xy?=->2f-r* 
C t < ft * . Lfctfo TSttJi fC^t L T^ff- 

6 ©*r3Sffi»*«/h S < ft« d <b <b a fr» 1 1> 5 «| & t># 6 

[0193] *S6^J 1 2 

«i 5 o±\zMf$;-r%mT'$>o. ms 6 est j^k. 

J&fiS«l 5 0±»«SnfcT*fiRfiJHl 5 1±©7X 20 
911 5 2 0*««*6^ h5-f ^ttCiisSfti 1 5 
4*«^ntU5. Xh7-f^O^Mil 5 4 
tt-ecoffl® 1 5 6 WSmt £*X, ffi&LfcffliJB 1 5 6 (C 
feSttJf 1 5 5^1i££nT^£>C£>^<=>. fgtt® 1 5 

5 coiiug^fi i 5 4 ©^*b«j: o 

[0194] 3HJ5S0iJ 1 3 

*s6«s«tt. ft^Moeatitfii i 6 4 £;&fis« 

1 6 0±l;Wt5«s]T-$>0, 0 5 7 lz^-f<iiz) IZ. tit 30 
fill 6 0±Ml&tintzTi&l8.-&m 1 6 l_hCD^;*.? 
1162 om&H&tfr *> X h y«TE.Ofi^^^ttcD 
tt£jfcBB 1 6 4AW^nil>5. ft#*HEM*<Z>ISS 
fi£*B 1 6 4«-€-CDffl!lffil 6 3 S^Sffit^n. fi3^ 
[6]CDi$g|$CDB 16 4B (1 1-22) BiSnS. iSSS 
fifcftjf 1 64<7)±Bl 6 3CttStS^ffitPli;Cffit$ 

63S, Hi 6 4. ±Bl 6 3C(CfeMft£n. ffittH 
<0®«tt^Sfi£S)l 1 6 4 <£>3f#B«J: 0 t>:*:€rft-!M 
Xttt*. ftoT. *3SK»fl[ia*p*l8fn-r-sc:t**-c 40 

[0195] mmm 1 4 

1117 4 1 7 0 ±K:»J53tr*«T* 0 , J« 

fi*«l 7 0±»)SSfttT«USfil 1 7 1 
Si 7 2CD&ffiJ^e>V HJ ^XtKKffi^Snfc/^ — 
>TB3ft*#»tt©«liiJ«*)B 1 7 3^fi££tlTt> 
«. E£!t£ffim<7>iiS,fl>&:BJI 1 7 3BfO«»l/t- 
{fflB 1 7 3 S^SBi^n. teCDM^Lfc— ffliJ® 1 7 4 
« (11-22) li^ns. g^^gl 1 7 3<Z)JlB 50 
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1 7 3CttS«±5S£R|i;C®<h£n*. S14H«:0^: 
**ISl/T«r»**«. «^Lfc«I17 3S, 1174. 
±Bi 7 3Ci:t^n, SteH ©ffi«tei£ilj£:gJI 
1 7 3<D^fcB«J;0t>**&-3--f Xtft*. ItoT, 

[0196] JgJgfJ 1 5 

0 5 9 fcSf-i; 5 ic. AAlt^eDlsajft 
S118 3 £j>£fi»4£ 1 8 0 ±.\zmtfC? 2>mT'$> D . fit 
g»«l 8 0±M$nfcT««SIl 8 licDTT.i' 
m 1 8 2 ro&fiJiW* £ v h U^XttfcBB^J^nfc/t^— 
>TAAIt««CO^SJ«S® 1 8 3«Sntt)5. 
Aftft»tt©«afife*JB 1 8 3tt-C-©«»bfcS-fl»iB*« 
SBi^tl. gtJdi«0S£*IB&LTU£# t ^-WISrB 
te0 5 2 (Delete 0. «^Ufc§SBC»oTiiftS 

n. m&m<Dmm\t&gki$:&m 1 8 3 ©^i&Bf6«k 0 *> 

**ScU-TX4:tt*. tot, #»btc®Sigfn$:igfn-r 

[0197] H«B#iJ 1 6 

fit-gem 1 9 3 sr^ga« 1 9 0 ±\zm^^>mx-& 0 . 

J*S8« 1 9 0 ±B«SntTi*fiI 1 9 1 ±C0 ?X 
?Jf 1 9 2CMii!l^7 h U ^XWclE^nfc/^ 
->-CAS*#»tK©eftjS*JBl 9 3«*ntt) 
-5. Afttfe&tt®IS&jfc&JB 1 9 3ltfCDMMLfc§(|| 
Bl 9 3 S^SIt^nAhMl 9 3 CAS«S±ffltP 

uciBisnTo*. *&mMVt<»&£ki$.mm 1 

9 3C0JSBfliJ(CttMB (1-10 0) Bt>iS^fc£-efl2 

i5 2©±5i:^o. *S^bfc$SB*3«t^CB{r»o 
TiSa^tl. S14S»BW«^S«fiS 1 9 3co^^B 

[0198] mti&ffl 1 7 

[0 19 9] 06 1 fC^-r=fc5tC, -tt-7yf-VS«&i: 
©fiXllS2 0 0i:tC, niGaN12 0 1ST«fi 
IiLTMMMOCVDft6fi:±t)Mt5. 
<fc£. n!GaN12 0 mm^nHT^^a 
/^c<. S±B* { n^T-$>tltt*S^i. — 0d<tLT. ->Un 
>Sr H-yt-SCtT'nICOG a NI2 0 1 ^WffS.-r^> 

[0 2 0 0] ^l:i6 2 (C^-fJ; ^(3. CVD^i'fzJ; 

o^U3>*ftK. '>'J3>^t:M. fcs^tt^^x 

f >K&t*A>e/j:5^6IilSi LTOTXJ'i 2 0 2 
SnSC0GaN12 0 l±©fICML. S&IC*^ 
*»rii-r*««»:»*LTVX^SI2 0 2 ^$LT/x 

ft»tt©SE*«2 0 3 sa»»rtts. 
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[0 2 0 1] «fccvr. m 6 3 fCSc-T «t -5 C. 

fe^nl (A 1 ) GaN12 0 4 #fl?fi££tt-5. d<7)n 

1 (Al) GaNl2 04lil'7'yFIiLTt)tSf 

5. 

[0 2 0 2] C©H#LfcttffiK:»lxT£SK:g14JI<t 
&-5 I nGaNI2 0 5tpi (A 1 ) GaNI2 0 6 

£0 6 4<D£?izmm-?z>. ete^inGaNi 

2 0 5«18MSIT*5 (Al) GaNf2 0 4fflS 10 
ffitC»o-ajJMg«2 0 0©£ffitc¥fTT-&<i£££ 

ft. s a. e««2 o 3<DW& j $>m& 

oTWSflS. I nGaN|2 0 5_h(C«A 1 GaN 

[0 2 0 3] Jfct;:0 6 5 (C^-t J; -5 »C. TX^SilC^J 
A tfpo 1 y-GalWritfi h fc*&ic ttsft^&fflH* * x y > 
^TI&SU 7X^12 0 2££^£fe«-gPI&5feLT 
niO3>^^hi«2 0 7 4Mt5. ^# 

0p«g2 0 9 <h&£Ni/Pt/Au-^Ni (Pd) /Pt/A 20 
iifti*. ni!7 8 £&-5Ti/Al/Pt/Au&£:£zi>^ h 
8i*£2 0 7 K«J 7 b^-yt£a\z^r)m^L (06 6) . 

[0 2 0 4] d<7)», j|H & |lla>£M#ti&B&tt6, 

5 1 » izzfrTtrnm l tern®. & y-r •> > y*»^ * m & z \z 

fciEfijLTfcU&KT^i;^. +1-7 yf 7±.\zf& 

HfiJcgLfeGaNISiira, *77-f TVGaNlf-BSrUVU— tf 30 

S^btiJilT^-Siit^^ (APL-75-10, 1360-2. W. 
S.Wong etc.) t>&-5. cnSfrJfflfftkfT:/ U — v 3 

Bl) «:»ltS:tT. *aWW**#it^*-<75## 

[0205] dojcaK^ttw^fcttaft^ca 

T. *St>B*OiSffi|6»actiJ«T;*4. 40 
[0 2 0 6] ft|j5£0ij 1 8 

0 6 7 (c^se^u 1 8 <D*mtef&ytm=?<Dmm.*:7ii-r. & 
«»«2 1 o±\zmftm\zfg2i$.&m2 1 uwe/ss 

ft. R3S2J&SJI2 1 UI5<t5(:Ilftl2 l 
1, SttB2 1 3. S211I2 1 9#»jfiSfta. * 

±0. SttI2 1 3(Oiil^Mfti«)?»IIIJ:0 
5. TXi/Ji&ir©«*E«BI*ffl«,»«c^«^Tt>. X 50 
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[0 2 0 7] *«?8tC*«r»Ttt. LTA 

n»MPlc*t»Tt)*»WlCtt5feSiB*«aS»JBfc*ft* 
fctt. MP»4>t^»*»©*l^»4ttJtT*»*t)ttt». Site 

■jikysssss-eB. a-ionffitwcfcai^m-^a 

-100)M^i*co^M7j^O. Cft6*SS»«Lfci 

[0 2 0 8] :Kffi#feLED*m£LT--J&W&AIGaInP& 
ft^ttiiXEj&SISftT****. (001)S«fC*fLT 
(Oll)M. (Ul)af. (11 - 1) ffitiZcD&femtf&r). 

[0 2 0 9] 1 9 

*mtt&ma>¥mfr3&ytx : ?\t. 0 6 8 tc^-r =t 5 c m 

AtfC (0 0 0 1) i-T77-f 7£«©«l*jS:ftS«2 
2 1 il:nSGaNI*>5/i5T«S12 2 2 £MO 
CVD (MOVPE) ft&t*C«fci3tt«riE*-r*. 
[0210] Tiil>j5£SS 2 2 2 WMt. -> U =1 >Mit 

&*J&RE*flt<i:LT<©TXd7JB2 2 3^MT5. C 
©VX^|2 2 3{C«/N^^tt(73^PgPT*^^ffi^2 
2 4#»J3ESft. *©&«*2 2 4j&>SS«J«*CJ:o 
T^fi!c^nfcW®H^^ttc7)^f B 5KfiH2 2 5*«»«R* 
ftT0»*. Cl©^ B ^B£*g2 2 5 1JWAtfnSGaNI 
1>AlGaNl^64f), -ecDISrSteS&IEHJIffi^ <h& 

[0 2 11] iMII2 2 5©*«±ffifC»UT«» 

0. ^U§I2 2 5<B**aKD*|*ft£*M»LT» 
BSLZtlfZnmf^-y HS©±fcSttg2 2 6Rtfp^ 

\ t mti'TmmTz%i2mnm2 2 7«$nt 

Clft<=>SttJI2 2 6&t)!pSi'77 KBtLTHI 
flg-r£ff5 2#«B2 2 7 ttttAjfc&ll 2 2 5©Sffi£& 
S-rs«k 5 fcJBriESftT* 0 . Sttd 2 2 6 
K«fc«3»J*£ftfc£»f&RB2 2 5COS®(CteoT^S 
1S2 2 iffliii:TO<iaS}TOi5. ^2# 
112 2 7IJMapSGaNl^A 1 GaNI*>8& 
SttB2 2 6±fCli^t3t0SA 1 GaN*t77*I 
«ffiLTfelK *ltl]S(g«C45t»Ttt. S2#tI2 
2 7 OSIA^CMf 5^ 2 fliCfltS 0 . C 
0#ffi*ifiH4Ji2 2 6T'%^Lfc7t©S^®2 4 0i$ 

[0 2 12] S2ifl2 2 7±tC«. 06 8 C*3^T 
*OBS**IILTt»**<. p«ffi<hLT&f§&-r-5fS2 
tfN i/P tXAu/j:<i:<75*S^SMf3J;o 
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i/AI/Pt /AufifiD^MilfaotYX^ 

ns. 

co 2 1 3] ^mmmo^ftRytm^it, m-ht^x 

[0214] 116 9 it^m^m^em^mmt^tmm 
e.ci+i'? u— tf- omfttfc a \z i o xm o ^ l fcit 

i&t&oT&O. Ti&/«:SJf2 2 2 0Jffi®^^i3mL. 
.^2 2 8 iLTtSEflgt-S. &i5. TWM2 2 2IJy 
U 3 >&£*t5* F-y^n^G a NITS 0 . 0^£itl8§ 
LT^-S^nSUKJg^n-S. i6 8 d^fi 5 20 
S14B2 2 6^bf 2#tI2 2 7 fflijlcffl^ £ tlfc^fi 
£&fH2 4 0T-S#tL. 0 fcti LSg 2 2 8 ^ ^Itffit 

Stt^2 2 6^b7tmomL^2 2 8 
TW-tbL. 7t5t0tbb,^2 2 8 <DWX'±fcttLfzm'£X~ 
fe. SWH®S»i2 4 OXfcMLfzm&xyt&tfAm 

Aiz-zt-rzix.ttncoM&x&Mzti; n^m.DmLm 

2 2 8 lZA%ilsfzmzm%-1k$:mZ-Xl*ti.tf*ll£?tm<0 
tBLt.2 2 8^?>WtB-r-5 0 

co 2 1 5] cnizi^xmrn-tzt* m^^mm 
mitn-^mtfrmjiO^^rzisb. %-mztti,xm>& 30 

CO 2 1 6] «c=Sin-'(n,/n ! ) 

CO 2 1 7] (.fztzV. <t>ci$%-ffi^<D\ftie>m%.&. n 
„ Mi^SR. rtgPWHtlf^TSO. n,= l, n : =2.4lc*3 
<^T*c=24. 6° ) 

CO 2 1 8] f§ttHT-f££L£7t«0 8 8(r^-T«jg(C 

WOtiHtU^tf* *^«ajT"«M*SI^®2 4 O^fcO 40 
fcs6lc-S^:SWLt^cD5^, ^(cgiJco^ft^Jt^ ft 
SMI fC =3 -o tz t. # CI^&T^gl £ nT5?iJ<D^[6] (c£ 
Itf*. j eo5fcS67t?(Ott5L^2 2 8CDffl^T"±S*f* 

tx-5o LAc^*-s.T^co^©siC)aL^^(6]±b. mm 
&3zt<tzz>. z-cD^oiz^mmm^^m^ytm^iz 

C 0 2 1 9 ] 0 7 0 7bM0 7 4 teRWffi<£>5c!j^fCCH>T 
->5iU-f> 3 >L7tfcW€^-r0-C*O. 07O(iff- 50 
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07 1 (s^gfe^tt^ffm-rsfcfe^t^u^^f mx 
07 zitytmomL&m^fkm&Wit^-rmx 

35 0. 07 Stei^ft^ttSit-gT&fcfe©^^^ 
0 7 4«^Ifc9aiL^<£itS£ft£M±£^: 

[0 2 2 0] CCD->S ^. U— ->a >tC*50^T«. 07 0 
tc^f J; 5 fc . S-SSBft- tc (S^ffite C M*-> e» & -5 ® 

^omLai^ii^LT^Mw^a^ti^^. £-f. 07 
nz^k?£oiz, mm&&vk£Lx. mfa&®ffimn = 

1. 6 5<D+)-:7 7-f-\-S«<!:U fittJf a<»£± 5 « m 
<DRS;*iC2 0 wmiHT-#SEL-. )Sa^g^«S*ff* n = 

2. 4. SMI<OSW*7 0%T«$ 1 0 «miS£ 

l. zcxfcmwAWi&znzftmz-o^xBtw&ft-D 

tz. ^1«I7 2 C^-Tcfc^fC&oT&O. ^ 

0 75M9 0ffic75^ffllc*5^Ttt. 5 0 giCifil^ffi'J 

©ftSfj; oft® <o m i>%)m&&W2rix^2> z 

[0 2 2 1 ] !7 3l;*tJ:5l:, K£ft#tt<h 

LT. S«£B#T^n= 1. 6 5©t7r<tSSi 
L. S1±®*^^d/2<Di4gT*S2 0 wmiiST^ffi 
L. *SJ|/$fiJi«B#r^n = 2. 4. KSffiOTKIrtW 
0%£ias£U £CTJgt*ffi(S®)^/&£n-£>£|g« 
6 2Si^LTff^*fTo/i 0 liJRUH 7 4 

ic^f «k plciiot^D, Si £ d rt*i§5 < & -5 i* J; 

rnei7 2ia7 4l:Sfy5al/— >3><Oig 

*^#^) &aym <o m L?^ac#f -s finite c i 

[0 2 2 2] ^^JOT^S^TtS^f*. Ui^i:LT 

it o tb ^ n^Ttw-sp^M^s® t w-n \zm&z ntz 

IMS2 4OT*SlfLtt ) 0f*O. -fcDSIt®2 4 0 
TOSWfC J; o TTtK 0 tB L2d*#|6]±-T ^> d i A>6 . 
^K#»^%^m^®iSijll»l:^0SCi^Tfr^»„ * 
fc. SWI2 4 0®Sti/i5TOSBfiI«lt 

j$.m\zmzx.y^y tffc a ©xs^iiiD u & < £ ^ ft s 

[0 2 2 3] 0 6 8 <Z>J!6^«igcD¥##fSftJ^T«. 

^V/I I I Jt*i^<-r-5Ci:^nI^T^>0. ?Bfi£ 
$ni.###:%^^O?gtttg{t;*0-S.C < i:^T-#-5„ 
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TV>**ift*t4fcai>. SttI2 2 65rX-y^>^-T4 
d t ©&g**ft < ft -5. L o TffittJl ICfcf L T jfeth 
ts.?*--JtfU<ti.Z>. £tz. mmtZ =fcoTffitelg2 2 
6 <D W#>ffi8W*/h $ < ft £ d 1 1> ft (,» «fc ^ 5 f iJ & fc t# 6 

ns. 10 

[0 2 2 4] gffiftl 2 0 

*mmmt. xfm tw^h/ssii 254 

«2 5 0±tcBfiEt--5^J-C ! $.0. El 7 5 tC^f <fc 3 IC, 
fi)cfi*«2 5 0±»)«SftfcT*rit*l2 5 1 iffl7X 
27g2 5 2 08***>5X h7-f :/tt©ttftfifcRJB2 5 

at©#ji2 5 6*«sit$ft, m&i>tzmw2 5 6 k 
fcrn-tzcuzuv, ^oELmffi-v&s.ttiz&^xytm 20 

*»*lt*H5:i:«fe*. E»®<0«tt£ft4tt»tt 

[0225] mmm 2 1 
#fwjtt. ss^ittc^i^fii 2 6 4 

2 6 O_hfCJg/£-r-50iJT&'9. El 7 6 tC^Ti 5 (C, /£ 
gS«2 6 0 Jb»JsStStlfcTfl6J««JB2 6 1±CQTX? 
12 6 2 tf)iitA> b X h 7^ ytt-CIOg^^C 30 
^Mfi2 6 4*?MSntl^. S;fc#«tfc©ilS& 
fi£S®2 6 4te-?-©ffliJ®2 6 3 SrfSWiiZn. 
[Sj<©^ffl?«Z)ffl 2 64B (1 1-22) t£ii 
fiJifiif 2 6 4©±®2 6 3 Ctegl£i®i:|^i;c®<h2 

6 3S. 12 6 4, 112 6 3 CCtJSSSn. 

nfcsw-ffi-esw-r-sctfcfts. ^usswc^t 

*ft*H*Ct*«T#. KM®©g&£ft5«£Mq!ill,® 

[0 2 2 6] SlJ5S0iJ 2 2 
*HS«lt 0 7 7 Cl^f IHft^HetfcfD^JIjSfc 
112 7 4 2 7 0 ±Kffi*fi£-r-50tJT'& 0 . f& 

SS1S2 7 0±^fS$tlfcTft6fi£S^2 7 1±©^X? 
12 7 2 ©^««^c,V h U ^XttKgE^JSftfc/l:?- 
>"T?DBft«#®tt©lt*«*JB2 7 3«Stltl> 50 



#Bii 2002-100805 
58 

5„ Eftt^ft©M«M2 7 3«^©fl8i&Lfc- 
OT2 7 3 S^SItSn. te©«&U;fc— ffi'J®2 7 4 
14 (1 1-22) ®t$n-5„ ^SfiESB2 7 3<7)±® 

2 7 5 3 c\t&m^wtmccw}i2tiz>. m^mi-im 

^tKL,T^5*<. «aitfflI2 7 3 S. 12 7 
4^ ±®2 7 SCtCfeJffft;**!. SfiE^^flcajt*^*^ 

6 m o ttj s ns^ta s ® tw-fuzig&z nr^Kmrnx-s. 

fcff -SCI t ^ft 9. ^©K&fM-T'WSMt-.fc-s.T^O 
WSfb * m 4 Z. <fc T- £ . fi !W® ©Sfig t ft 5 M&tt A 
S&. *3ftK:»flEiafPSllftTSCt**-p*. *^©ff 
[0 2 2 7] 2 3 

*ss*s«tt. m 7 8 ic^-r j: v \z. tztumntVHDtiSktii 

&M2 8 3 £jjJcSS« 2 8 0 ±(C^f 40iJT& 0 . j$ 

fis«2 8 o ±.Bs$.znrz.Tmf$.&m2 8 1 jl©^x^ 
12 8 2<z>f&mmfr*>^rhij?xmzmm2nitrt<$'- 

>TAft*»tt<0*S*Mtfi«2 8 3^MSntl^. 

izm6 7 (D&oizteo. m&Lfz&swtzm^xm&z 

4. Sfc. SW®<D*8ltft-5IW^ieaffi«S*?^S: 

So 

[0228] mmm 2 4 

*SISfi«tt. 17 9\z*k-?£olz. Afim&BViOffeB, 
fiScSB 2 9 3 *fiXS*1S 2 9 0 ±lC#l*-r*«-C* 0 . 
/SfiS«2 9 0±^B)c$nfeTJteJ«5ll 2 9 1±<7DVX 
i7/f 2 9 2<O^I^b-7h>J^X«tCgE^J$nfc/t^ 
->T"^^^W^ H B H BXSI12 9 3#flM£*VO» 
4. Aftjt#»ttOittftJ«*B 2 9 3tt-t©«»bfc# 
M2 9 3 S*«SIiSn, ±B2 9 3C*sSfiiIi 

2 9 3 ©JgffiflJKttMffi (1-10 0) fflfefg^B^T- 

tt0 6 7©i5C/j:0. «^Lfc$Sffi^«fc^C®tC«i 

ttsBt^frfc^ffi^nfcswMT-sw-r-scitcft 

tSCt^b, ^^¥#^%7t^^»»WS{t^HI4c: 
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[0229] mmm 2 5 

112 9 8 £QSft&JEM*OftAJ$5JH 2 9 9 £/&gaig 

2 9 5±C»ricf*«T**). ^S*«2 9 5 ±»rit* 
tlfcTifclSfiJI 2 9 6±»?X^I2 9 7©«i«i>5 

AfiEfi® 2 9 9 tAfli«<»SB^fi)Efii 2 9 8 

m&mim®.v>m$kfc&m 2 9 9 \f£ omul- tz~ 

#JE5 2 9 9 S*«Sffii*tl. {&©«i£4Lfc-flJ®2 9 9 10 
Z« (11-22) *£J?.0£fiJf 2 9 9 <D± 

12 9 9 CHSfiili^DCIi^Eftl.. AsfcitfljMfc 
0ttAi&fije2 9 8tt-t©«#Lfcfcfl«2 9 8 S*«S 

ttSiB<t5pfftcSfiE*nfcSltffiTR»-r*Ci:tc:& 
[0 2 3 0] *Jg^J 2 6 

[0231] Ei8i (r^-r=fc^[-. *77'ftafiaf 

®^gS1S3 0 0±(r. niGaNI3 0UTMfi 
StLT^J^tfMOCVD^ifJCfcO^-rS. CO 30 

nSGaNI3 0 1lig»^ni-ca5MStt 
fc<. i±ffl)J«nSf*ntfS^, — Mtl-X. ->'J3 
>$K-/t5CiTnS©GaNl3 0 1 &Mf$.-?Z> 

[0 2 3 2] #trg|8 2 iC^-TcfcoC:. CVD&t'fCcfc 
r>^ijzi>mitm. x'j3>gfcl, 3&5^te*>^X 
7->K&t**»e&**SfiB#«t<tUTOT^i')B3 0 2 
S nS«G a Ni 3 0 1 ±fl)iffil:Ml, S^KiT? 
£*JfcT*««C*tJSLTVX*Ji3 0 2 ^KsSLTA 

3 0 3 *. 40 

[0 2 3 3] li,>T, i8 3l;Sti9C. «S?J*ftAV 

*5ni (A 1 ) GaN|3 0 4«$n5. dCDn 
S (A 1 ) GaN13 04«?7yHitLtt)ilE 
L. l&Aa*JEM*£M-rs. Ul»Lfc*!lffittSS<£:$ft 
5. 

[0 2 3 4] ufl5«»L.tOTC#LTS5i:ffittii 
&5InGaN!3 0 5tpS (Al) GaN|3 0 6 
5:08 4<D£oizmm-r&. BltltftSInGaNI 

3 0 5«^^figft)l-T?fe-g. (A 1 ) GaNI3 0 4OS 50 
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^-wgttewsigsfs, ,ii«3 0 3®B«^i 

*«i©¥M»iJ:0(i^<fet). +fr&/2>*0£& 
•3TJgfi)t£*l-5. InGaNl3 0 5±lCHAlGaN 
*-\--.y-7 P )g£ffi<:/#LTfc&^. pi (A 1 ) GaN!3 

[0 2 3 5] *ICi8 5!C^fJ:c>tC. TX^g±iC0iJ 

^T-^SL. -7X*JB3 0 2£±»S;fctt— SMfcSUT 
n«®a>?^FW3 0 7 &MT5. ^# 
&<i:l;:«fc9 0 9 £&£N i /P t /Autet*. 

n«®3 0 8t/i^Ti / A 1 /P t/Au&£*£n> 
hm®.3 0 7 CU 7 b*7t<SLii\Z&QBl&L (B8 
6) . 7D<fc?SC&TSKJ:C*t*«*?atftj&-r 
«. 4*Kd«B3 0 9S5WItLT«ft5pI (A 
1) G aN|3 0 6<£>t.\ZM$i-£nz>tztsb. ptS3 0 

9 smz&.m&^ytmmmiiLxbmm-rzz.izizrjL 

[0236] z\(D&. m?m<aftm&&mttm&. 
mi&w-i xt>mmv>&? tzmiz^z ^ z t&*> . -en 

5 1, > « 2 &tESE5>J L fe ffitt * y -f -> > ^ ^ £ ffl tt £ iz 

CK»L.T i £>b«t<Tt>«t^. *7r-f 7±tC«S 

MfiLfeGaNlSail U"7 r -f T/C a N#®* U 

77 f 7&fofr*>mMX-& Z (APL-75-10, 13 

60-2, W.S.Wong etc.) zn^mm^mtT ^ U 

[0 2 3 7] ^©.t^fc+atjSfiWo^flM^ajtsB^ca 

$ nfc US t ¥fr 9E ft $ nfcE WT-gW t, 

[0 2 3 8] j^JS^j 2 7 

fiS«3 1 0±»ca»WC«2riiftJB3'l 1 
n. fft5:I^J:o(:gl#fI3 1 1. ffittH3 1 
3. S2*fI3 1 9«$n5. *«fiJT-ttTXi/S 
iiM^f LT^&Mi, S^SKJcO. ffitt!3 

tuz. sot, waai»c»ft«a«i*afD-r*ct**-c 

[0 2 3 9] -TtttoS. VX^S&ifOfiKSH^MSrffl 
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^ >t£ <^«£T t> . X y =f- > {fit H \Z «fc 0 fiESS«^— a 
IS* b &tt UK fc Hfi £ »rtf £ £* OftWDPl K «t 

Cr^yttatSATtt. (1-10 1) ffi£Wc*> ( i i 
-22) (1-100) Wtt t*©ft«ffi35** 0 . C 

•So 

[0 2 4 1] m&m&L E D#»£ LT-f&fflteA 1 G 
a I n P*ft**tt*^»SieftTf***«. (0 0 
1) S«fc*tLT (0 1 1) S. 

[0 2 4 2] 

fflt5CtTHaimv/I I I it -5 C i^tti 
5(5. j^fcjWFOflitD&^fcJi^U SStClgifcCtJ' 

[0 2 4 3] SSKWRjfiUMc£**|fliU Mf4Lfc« 

blZ&oT&O. ^(D^ft&ht,^ 

[0 2 4 4] *»WO#9M*:5e3t3jS^t4J^T 
fit. tti77£lxT*0ttJ3n*#©— «tta&jKftK:.fco 

Wl/fctiOT-JbS^T-*!), SW(rj;^T5tffi0Hib^) 
.ftiStta*?jsjE**?iJffl LT-7 p n-tX±#^tc^$n^ 

C(t*^, gB«)SlftfC^fi;X.;/^>^&i;©Xg£iI 

izw-frizistiimzm&zit&z.tT', m&&a&%)Mm 
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K#*JliB« J «»*«<l:©:3>i'* hSH}£*£<-<r£C 
[0 2 4 5] S^KSfc, *»MO*«M*-K3t*^<i:-€- 

& ^ « 2 mmm 9 ? y k m ?>±u * fc fit— aw n p sp © 
10 mm<v?z.2m±izi£T'm&t:ti2>. coi^icv^^ 

p mm * si * \z #m t tsss * m±-c % & . 

[0 2 4 6] *5E«©*##:3e3t*TfC*^»r 
fit. SlftI?7 7Ki, ffittH. 2 

20 Sl#fI^7*yHi. SttJf. 2#i 

[0 2 4 7] i£ %\ZttWto*m#fi£ft*rf-\Zlilt*T 

[0248] s^tc^fc. ^awc^wflcabt^K:* 
«. &&mtmm\zmmmffim j $>w.®t<z>=i><$'9 hffi 

[SiS©fffi»^lttW] 

[H 1 ] ^B^w^MgiJ 1 ©¥*fl.K7t* : f'<B«i6:i:g 

li (A) 4:Bi6XS»SH (B) -C=S>5 0 
[H 2 ] *%B^<7)^ig^j 1 O^^ajtiR^roftiftXS 

SO T&oT. SSigXSWffiH (A) £Si^xe?4«ia 
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(B) T&&„ 

[B 3 ] *¥£W<omMm 1 0*«MME3t* : f L ©«iftlS 

mx.mmmm <a) t^mummmm (b> x&&. 
[b 4 ] *&ma>*mw i ©^fcttfsststs^roRitxa 

a»r®B (A) iigiSxa&SB (B) T-&£„ 
(B 5 } *i£93©igJ5S0iJ 1 ©^WfcSSftSrfOttfiie 

a (a) t«axe»ffiH (b) 
[b 6 ] ^m<nmmm i ©¥##fBt*^©S3jgxa 

W®B (A) irSigXgi^SB (B) 

[b 7 ] *&w<Dmmm i ©^sfwsaeaiFPotKft** 

•T»f®B-C^-2>o 

[S8 3 *S£W©*««2©¥*#fe3t*^©«iftia 
fC*3tt^-7X^»)SXg^^-rBT-*oT. SfjgxaiST 

®b (a) tmmxmmm (b> -e**. 

[0 9] *3S8©*!tm©¥*#5S3E*^©»fiXS 

B (A) t«iIt»Si (B) T"&£„ 
[BIO] *%9!©&l£fti 2 ©aMKMBfc*^ ©Rjfix 

IRffil (A) £S}jgxa#4SiB (B) 

[Ill] *fgf3H©StSS0iJ 2 ©^#^%3t^TcDSi»X 
etc43ttSffitiBW^BXXg$^-rBT"^>oT. SStifiX 

a»r®B (a) t«jaxs»sa (b> 

[112] *5£W©l8j6« 2 O^flW*:^*^ OSiftX 
ec*Jt*«a©»J«XS**-5-HT?*oT. Kiixa 
[SrffiB (A) t«JSxa»«H (B) T»*. 

[013] *5SBJ©H^J2©#S#:%^^©^jtX 

eictj»t«*^©^iii©xes55-rBiTf»oT. Sitx 

ISfli (A) £§Jitxa£4SiB (B) -C**. 
[HI 4] *fg^©*Jfi^J 2 ©*##3g}fc*T©»r®B 

[Hi 5] *9B9!©St;Km ©¥*tt^*?©*?© 

MB (A) <h«itXg<*«BI (B) T**. 
(Bl 63 *XH©|fcffim©¥#{ttSftX?©Kft:£ 

gict3it-5>-77.i7iBfi)cxa*^-rBTfeoT. ssitxg 
mmm (a) <>:8ifixe&&H <b> 

[Bl 7] *%^©^CSJ3©^##:%^*^©SiSX 

a»f®B (a) tmrnummm <b> t**. 

[Bl 83 *SBE©SeSS« 3 ©¥*#fB*fc*^©imx 

e»c*tt*ettjg©»(Kxa**-rBT?*-3T. ©iax 
a»f®B (a) trnmummmm <b> 

[II 9 3 *»W©*J6« 3 ©###58)6*^ ©«iftX 

a{c*3tt^m@©^«xa**TBT«.oT. sitxa 

(A) ,fc«acX««*«BI (B) 
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[B 2 03 *«W©36Jfi«3©*##563t*^©«JfiX 

ac*tta*^©»«xe*«-rH-c*oT. Kitxa 

WffiB (A) tSiSH^SI (B) 

[12 13 *!£^©IllM#J3©#S8#fg^5iiT©fSfr®B 
Xifc-So 

[B 2 2 3 ^SfiW©**^©***^*^©^! 

an^tt-i.Txi'jg^xa^^-rBTr^oT. gisxa 
mmm <a> tssiftxgs&stB (b> t**. 

CB 2 3 3 *«W©*Jfi«4©###363t* ; f©»JSX 
10 Si:*ft5tSaiffl»rtIg**THT*oT. SigX 
aWffiB (A) £»ifiXS&£BI (B) 
[B 2 43 *«W©HJ(5W4©i|6|IM*:K3t* : F©«Jax 

ec*tt*sttH©»riExss*-rH-e*t>T. «aix 
awffiB (a) <tsitxa#48iB (b) t**. 

[B 2 53 #fSW©Hj6m©###3£3t5iiT©gigX 
S(C*ttS*«©JBJ«XS*S-rBIT*oT. Kitxa 
WiBH (A) £«2Slg»«BI (B) T?»*. 

[B 2 6 3 *%^©^SS^J4©###:%^m^©SjSX 

aic*sts*^©»sixa*^TB-efeoT. ssitxa 

20 Bf®B (A) <fc«ifiXfi#«B (B) 

[B 2 7 3 *«W©*i6«4©*#{*:«3t* ; f©WfWH 

[B 2 8 3 *X9i©ft)fcfl5©¥*ttfe3^?©aifiX 

mmm (a) <fcBitxs»«B (b> x&-g>. 

[1 2 9 3 #«W©lfefc« 5 ©#*#«3fc*T-©KiftX 

ait:mt5*^©frgtxa£^-rBT-<&oT, $?itxa 
mmm <a> i^isxa^SB (b> t?»*. 

[B 3 0 3 *f£il8©IIM#J5©#8#f£3t^©ISraB 
30 X$>£„ 

[B3 13 #»H©*ffi«6©*##J&#*^©«ifiX 
SfC*Stt*p'«a©»JS3EXS**-rH-C»oT, MifiX 

a»ftSB (a) <h«itxe»8ia (b) 

[132] *%^©Hiia^J 6 ©^flcfMfcJfc^waiftX 

stc^ttssR^c^nixes^-rHTftoT. sitxa 

BrfiH (A) tiSi^xa^MB (B) 

[133] *3tw<D$imm 6 ©##^n3t^^©stifii 
aitff®B (a) tssisxa^ffiB (b) t-s-s. 

40 [134] ntS©ffiWMll£Stlf*0, 

(a) ttU — tfT^U- ->3 >Xa$:^T«B&Bf®B. 

(b) liR I EII^StttKill, (c) ttnftS 

»»s xa £ jkt etiosw a b x * . 
[135] *f£w<Dmmm6<D¥m&Kytm=F<wsiffim 

CB 3 6 3 *J&W<DmmW 6 ©^Slflcf!**^ ©fl&©« 

ji©a®^SBxs>-s.. 

[B373 *&m<D$£mm6o>¥$m:m9tm?<r)&BW 
©sjigxa(c*3tt^>^^*M©^fiKxa*^-rBT-*o 

50 T. Sfilllrll (A) iSfifiXa^MB <B) 
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Btibb (A> t«jaie»aH <b> T'&z. 
mmmm <a> &M&xs*mH <b> t&£ 0 

[04 1] #S8W©S*«m ©¥»#5Bft*^©««ftI 

eic*w-*««©#j5*x8**-*-Bir*-3T, siia 
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